►  DEFINITION  ...  At  the  National  Electronics  Con¬ 
ference,  Dr.  E.  U.  Condon,  Director  of  the  Bureau 
of  Standards,  proposed  a  new  definition  of  elec¬ 
tronics:  “the  science,  art  and  industry  concerned 
with  electrical  phenomena  involving  charged  atomic 
particles  outside  of  solid  and  liquid  bodies.”  In  so 
doing  Dr.  Condon  welcomes  to  the  confraternity  of 
particles,  once  limited  to  electrons  and  ions,  several 
brothers  and  sisters,  the  positron,  proton,  alpha  par¬ 
ticle,  deuteron  and  meson.  Only  the  chargeless  neu¬ 
tron  and  neutrino  are  excluded.  There  was  a  time 
when  a  respectable  science  could  be  built  on  just  one 
particle,  but  that  time  has  passed.  There  seems  to  be 
no  fundamental  conflict  between  Dr.  Condon’s  proposi¬ 
tion  and  the  hallowed  definition  of  the  AIEE,  “That 
branch  of  science  and  technology  which  relates  to  the 
conduction  of  electricity  through  gases  and  in  vacuo.” 
But  the  family  of  conductors  has  grown  with  the  years. 

Speaking  of  definitions,  we  find  the  radio  engineer 
defined  by  the  Canadian  Council  of  the  I.R.E.  as  one 
who  combines  in  himself  some  proportion  of  the  elec¬ 
trical  engineer,  the  business  man  and  the  physicist. 
Like  many  a  true  word,  this  definition  is  likely  to  be 
resented  by  all  parties  mentioned! 

►SKYWAVES  .  .  .  Radio  and  astronomy  seem  to  be 
crossing  paths  regularly  these  days.  First  were  the 
Signal  Corps  radar  echoes  from  the  moon.  Then  M.  W. 
Baldwin  of  Bell  Labs  reported  the  existence  of  mysteri¬ 
ous  echoes  from  regions  in  the  atmosphere  about  two 
kilometers  high.  These  objects  or  regions  are  invis¬ 
ible  to  optical  telescopes,  but  are  regularly  observed 
on  10-cm  and  3-cm  radars,  moving  about  30  miles  an 
hour,  sometimes  wfth  the  wind,  sometimes  against  it. 
Source  unknown.  More  recently,  the  meteor  showers 
in  October  were  thoroughly  watched  by  radio  and 


radar.  Individual  meteors  were  tracked  by  radar  at 
White  Sands,  New  Mexico,  using  equipment  set  up  to 
track  the  V-2  rockets.  J.  A.  Pierce  and  his  group 
at  Harvard  recorded  mejeor  whistles  (Doppler  beats 
caused  by  reflection  from  the  meteor  of  a  steady  c-w 
carrier)  during  the  showers.  Pierce  also  successfully 
recorded  the  “artificial”  E-layer  induced  by  a  meteor 
shower,  and  has  traced  the  ionization  from  the  aurora 
borealis  in  a  cathode-ray  picture  which  bears  a  strik¬ 
ing  resemblance  to  the  visible  aurora.  After  years  of 
effort  aimed  ultimately  at  destruction,  these  new  fields 
of  activity  have  all  the  freshness  of  a  spring  breeze. 

►  BASIC  .  .  .  Viewers  with  alarm  of  the  heavy  finan¬ 
cial  support  by  Army,  Navy  and  Air  Force  in  the  re¬ 
search  programs  of  the  colleges  may  take  heart  from 
the  fact  (recently  confirmed  by  two  large  eastern  in¬ 
stitutions)  that  the  military  are  taking,  and  liking, 
basic  research  under  their  collegiate  contracts.  Many 
were  the  fears  that  the  immediate  problems  of  military 
science  would  displace  the  traditional  untrammeled 
atmosphere  of  scientific  endeavor.  Nor  were  the  fears 
entirely  unfounded.  Many  “here’s  the  breadboard, 
please  make  it  work”  problems  have  been  taken  to  the 
colleges  from  NRL,  Watson  Lab,  Belmar,  and  Wright 
Field.  But  all  such  have  been  turned  down  as  inter¬ 
fering  with  more  vital  basic  research.  Moreover,  the 
contracts  are  so  written  that  the  turn-dowms  stick. 

How  long  government  money  will  continue  to  be 
available  for  this  purpose  is  anyone’s  guess.  But  so 
long  as  the  people  and  the  Congress  remain  convinced 
that  research  is  the  beginning  of  defense,  and  so  long 
as  the  contract  admininstrators  insist  that  the  re¬ 
search  be  basic,  not  superficial,  much  good  will  come 
from  it,  not  only  as  a  protection  against  war  but  for 
positive  use  iii  peace. 
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Radio  antennas  on  the  Queen  Elizabeth,  held  at  minimum  to  preserve  graceful 
lines  of  ship,  are  supported  largely  by  these  two  huge  decorative  funnels 


Loran  equipment  on  shelf,  with  radar 
transmitter  below.  Waveguide  goes  to 
spinner  on  roof  of  bridge 


PICTURES  taken  after  the  maiden 
commercial  run  of  the  83,673- 
ton  superliner  Queen  Elizabeth  re¬ 
veal  that  the  military  electronic 
equipment  which  helped  her  to  dodg^ 
enemy  aircraft  and  submarines 
during  the  war  is  now  contributing 
to  the  safety  and  speed  of  peace¬ 
time  trips  as  a  luxury  liner.  On 
the  bridge  90  feet  above  the  water, 
British  and  American  equipment 
operates  side  by  side  when  bad 
visibility  renders  visual  observa¬ 
tion  impossible,  permitting  full 
speed  even  in  ioeberg  jzones  or  in 
heavily  travelled  shipping  lanes. 
Loran  equipment  for  navigation 


Main  radio  control  room  of  Queen  Elisabeth,  showing  operating  positions  and  master 
control  desk.  The  entire  marine  radio  installation  was  made  by  International  Marine 
Radio  Co.  Limited,  an  I.  T.  &  T.  affiliate.  Speech  secrecy  racks  fill  another  wall 
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World’s  Largest  Liner 


Radar,  loran,  depth  sounding,  and  radio  installations  of  the  Queen  Elizabeth  played 
major  roles  in  successful  evasion  of  submarine  packs  and  enemy  aircraft  during  the  war, 
now  contribute  to  safety  of  all-weather  navigation  on  trans-Atlantic  passenger  runs 


Radcur  and  radio  d>f  antennas  on  roof  of  bridge,  with 
radio  direction-finding  loop  at  left.  Another  d-f  loop  is 
directly  aboTe  the  main  radio  room 


is  located  in  a  small  room  directly 
behind  the  wheelhouse.  This  is 
standard  U.  S.  military  design, 
model  DAS-2  made  for  the  U.  S. 
Navy  by  General  Electric  Co.  It 
employs  marker  scales  on  the  scope 
screen  for  determination  of  loran 
line  numbers,  as  described  in 
ELECTRONICS,  Dec.  1945,  p.  110. 
Supplementing  loran  for  precise 
position  determination  at  short 
ranges  is  British  Gee  equipment, 
also  a  pulse-timing  system. 

Radar  equipment  is  all  British. 
Transmitters  are  in  the  loran  room 
directly  under  the  radar  spinners, 
and  the  indicators  are  in  a  midget 
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darkroom  located  in  a  corner  of  the 
wheelhouse.  Ranges  of  the  two 
Cossor  search  radars  are  10  and  50 
miles  respectively.  Aircraft  search 
radar  used  during  the  war  was  not 
evident  when  the  ship  docked  at 
pier  90,  New  York  City  on  her 
maiden  passenger  run. 

In  shoal  waters  echo  depth¬ 
sounding  equipment  is  turned  on. 
This  provides.  On  an  indicator 
alongside  the  helmsman,  an  exact 
reading  of  depth  in  large  neon- 
illuminated  numerals,  and  simul¬ 
taneously  produces  a  continuous 
and  permanent  record  of  ocean-bot¬ 
tom  profile  in  the  chart  room  as  a 


Senrice  tachnicioni  E.  K.  Fricke  (left)  and  F.  Eklund  of 
Bludworth  Marine  making  routine  maintenance  adjust¬ 
ments  of  echo  depth-sounding  indicator  in  wheelhouse 


supplementary  guide  for  navigators. 

The  radio  installation  consists  of 
four  remotely  located  main  trans¬ 
mitters,  a  main  radio  room  with 
four  operating  positions,  message 
secrecy  units  (speech  scramblers) 
to  insure  privacy  of  personal  radio¬ 
telephone  calls  to  shore,  a  complete 
emergency  radio  station  that  is 
independent  of  the  ship’s  power 
supply,  and  a  low-power  radio  set 
in  the  wheelhouse  which  enables 
the  Captain,  navigating  officers,  and 
pilot  to  converse  directly  with  per¬ 
sonnel  on  tugs  or  the  quayside 
when  docking.  Two  of  the  26  mo¬ 
tor  lifeboats  carry  transmitters. 
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RADIO  CONTROL 


CONTROL  SOX 


AMPLIFIER 


INDICATOR  BOX 


TARGET  AREA 


Command,  Wright  Field,  Dayton, 
Ohio,  successfully  developed,  in 
conjunction  with  a  commercial 
manufacturer,  a  radio  method  for 
the  remote  control  of  pilotless  tar¬ 
get  aircraft,  to  be  used  during 
antiaircraft  gunnery  practice. 

This  first  system  consisted  of 
lightweight  aircraft  equipped  with 
small  radio  receiving  sets  capable 
of  responding  to  transmitted  sig¬ 
nals.  These  signals,  in  turn,  were 
converted  in  the  receiver  to  the 
voltages  necessary  to  control  the 
rudder  and  elevator  of  the  target 
plane,  thereby  directing  it  in  flight. 
The  transmitting  equipment,  on  the 
ground,  sent  out  to  the  target  a 
radio-frequency  signal  coded  by 
impulses  to  select  the  flight  func¬ 
tions  to  be  performed. 

From  this  beginning,  Wright 
Field  laboratory  personnel  de¬ 
veloped  and  constructed,  in  the 
same  year,  vastly  improved  radio 
equipment  employing  audio  tones 
to  select  flight  functions,  wdth  the 
receiving  equipment  in  the  target 
aircraft  using  tuned  filter  circuits. 
This  basic  audio  tone  technique 
served  throughout  World  War  II 
for  the  control  of  the  many  versions 


■CONTROL  BOX 


GUIDED  AIRCRA-T  TO  BE 
CRASHED  INTO  TAc^GfcT 


antenna 


Tactical  use  of  a  Weary  Willy,  os  sketched  by  William  Bass  to  show  how  operator  in 
Mother  aircraft  at  upper  left  controls  direction  and  flight  functions  of  explosive-filled 
bomber  on  last  flight,  using  ARW-18  remote  control  equipment 


secu 


During  the  early  stages  of  out  some  basic  principles.  Since 

World  War  II,  while  the  Army  then,  the  captain  has  become  a  five- 

Air  Forces  were  undertaking  the  star  General,  recently  retired;  the 
destruction  of  Germany  with  the  scientist  is  the  vice-president  of 

help  of  newly  developed  techniques  General  Motors  Corporation;  and 

for  high-altitude  radar  precision  the  dream  of  pilotless  flight  has  be- 
bombing,  American  scientists  were  come  a  reality, 
perfecting  an  even  more  practical  The  story  of  the  development  of 
and  accurate  bombing  method,  offensive  guided  missiles  realis- 

Their  scientific  collaboration  re-  tically  begins  in  1939.  The  Army 

suited  in  a  series  of  remotely-con-  Air  Forces  at  the  Air  Materiel 

trolled  experimental  missiles.  One 
of  these,  the  Roc,  could  hit  a  circle 
100  feet  in-  diameter  from  an  alti¬ 
tude  of  15,000  feet,  without  ground 
visibility.  Another,  the  GB-4  glide 
bomb,  was  less  accurate  but  was 
capable  of  being  released  and 
guided  to  the  target  by  an  aircraft 
some  20  miles  from  the  target  and 
outside  the  flak  zone.  Still  another, 
the  Razon  VB-3  free-falling  bomb, 
when  released  from  altitudes  of 
15,000  feet,  would  under  conditions 
of  good  visibility  strike  within  20 
feet  of  the  target  area. 

The  conception  of  pilotless  air¬ 
craft  dates  back  to  experiments 
performed  in  1918,  when  a  young 
officer,  Capt.  Henry  H.  Arnold,  col¬ 
laborated  with  a  young  scientist, 

Charles  F.  Kettering,  and  worked 


Control  box  for  ten-channel  ARW-18  f-m  transmitter  used  by  operator  in  Mother 
plane  to  maneuver  o  PQ-14  pilotless  aircraft 
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SYSTEMS 

for  Guided  Missiles 


Descriptions  of  the  more  important  guided  missiles  and  pilotless  aircraft  developed  by 
the  Army  Air  Forces  during  the  war,  with  circuits  of  representative  radio  control  sys¬ 
tems,  techniques  of  tactical  usage,  control  problems,  and  intimations  of  future  trends 


By  Captain  SAM  L.  ACKERMAN  and  GEORGE  RAPPAPORT 

Electronic  Subdirision,  Engineering  Diviaion 
Air  Materiel  Command,  Wright  Field,  Dayton,  Ohio 


of  target  aircraft,  guided  missiles, 
and  free-falling  bombs  developed  by 
the  U.  S.  Army  Air  Forces.  Other 
techniques,  which  came  into  play  in 
the  late  stages  of  the  war,  invaded 
such  new  fields  as  radar  target 
seekers  and  radar  pulse  control 
techniques.  This  article  will  briefly 
describe  the  various  types  of  pilot¬ 
less  aircraft,  insofar  as  present 
security  regulations  permit. 

Target  Aircraft 

Small  pilotless  aircraft  are  con¬ 
trolled  remotely  by  radio,  usually 
launched  by  catapult  and  landed  by 
parachute,  and  used  as  targets  for 
antiaircraft  gunnery  crews.  Models 
include  the  OQ  and  the  almost  full- 
size  PQ  series  of  pilotless  aircraft 
and  the  RC-56,  RC-57,  RC-64, 
RC-65,  ARW-1  and  ARW-18  elec¬ 
tronic  target-control  equipment. 

The  RC-56  a-m  transmitter  for 
remote  control  of  target  aircraft 
may  be  located  as  a  permanent 
ground  installation,  jeep-mounted 
for  portability,  or  located  in  a 
Mother  (controlling)  flying  air¬ 
craft.  The  transmitter  may  be  set 
to  any  of  four  fixed  frequencies  and 
may  be  tone-modulated  by  any  of 
fiv^  audio  signals,  as  called  for  by 
the  positions  of  the  miniature  joy 
stick  and  switches  that  are  manipu¬ 
lated  by  the  operator. 

The  RC-57  superregenerative  re¬ 
ceiver  used  in  target  aircraft 
contains  frequency-selective  filter 
circuits  (the  decoder)  which 
differentiate  between  the  various 
tone-modulated  signals  received, 
and  a  relay  unit  that  furnishes  con- 
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Ground  installation  of  model  RC-56  o-m  transmitter  for  training  gunners  firing  from 
gun  turrets  simulating  those  used  in  B-29  and  B-32  bombers,  with  model  RC-57 
superregenerative  receiver  in  OQ-19  pilotless  aircraft  serving  os  evasive  target 


trol  voltages  to  the  servomechanism 
or  other  devices  operating  the  rud¬ 
der  and  elevator  of  the  aircraft. 
This  receiver  could  also  be  installed 
on  trucks,  tanks,  and  watercraft  to 
permit  bombing  and  strafing  prac¬ 
tice  of  an  evasive  target  by  gunners 
in  aircraft. 

The  PQ-14  target  aircraft  is  a 
low-wing  monoplane  powered  by  a 
six-cylinder  155-hp  Franklin  en¬ 
gine.  It  has  a  ceiling  of  17,000  feet 
and  can  operate  for  3  hours  at  a 
speed  of  160  miles  per  hour.  This 
plane  may  be  maneuvered  to  simu¬ 


late  strafing  of  gunnery  batteries 
or  high-altitude  bombing  missions. 
Its  automatic  pilot,  brakes,  re¬ 
tractable  landing  gear,  and  flaps 
are  all  controllable  from  the  remote 
control  station  by  means  of  the 
ARW-1  10-channel  f-m  radio  re¬ 
ceiver  and  ARW-18  f-m  transmit¬ 
ter,  which  together  give  18 
controllable  functions.  Control  is 
accomplished  from  a  modified 
Beechcraf  t  C-45  Mother  plane  trail¬ 
ing  a  safe  distance  behind  the 
target,  with  the  pilot  of  the  target 
aircraft  sitting  in  the  copiloPs  seat 


and  manipulating  a  miniature  joy 
stick  and  switches.  Indicator  lights 
check  his  selection  of  flight  func¬ 
tions. 

War-weary  B-17  bombers  no 
longer  fit  for  combat  service,  loaded 
with  20,000  pounds  of  explosives 
and  crashed  into  the  target  by  re¬ 
mote  control  from  another  plane, 
were  known  as  Weary  Willies. 
Human  pilots  were  generally  used 
during  takeoff,  and  bailed  out  while 
still  in  friendly  territory.  Tele¬ 
vision  cameras  and  transmitters 
sometimes  scanned  the  instrument 
board  of  the  Weary  Willy  or  the 
area  in  front  of  it,  and  relayed 
the  picture  back  to  the  Mother 
plane,  which  followed  at  a  safe  dis¬ 
tance  of  about  20  miles. 

Gnided  Bombs 

Azon  is  a  free-falling  vertical 
bomb  having  controlled  surfaces  to 
permit  control  of  its  trajectory  in 
azimuth  only,  for  accurate  bombing 
of  line  targets  such  as  bridges, 
roads,  and  railways.  The  Azon 
assembly  was  attached  to  an  ordi¬ 
nary  1,000  or  2,000-pound  free- 
falling  bomb.  Two  fins  are 
controlled  by  gyros  under  the 
influence  of  a  CRW-2  remote  con¬ 
trol  system  mounted  in  the  tail 
assembly.  The  RC-186  transmit¬ 
ting  equipment  in  the  Mother 
aircraft  provided  a  choice  of  47 
channels  for  transmission  of  the 
control  signal.  Two  audio  control 
channels  gave  right  and  left  con¬ 
trol  for  the  bomb.  In  a  typical 


run  over  the  target,  the  Norden 
bombsight  was  used  to  drop  the 
bomb;  seconds  later  a  million- 
candlepower  flare  attached  to  the 
tail  lit  automatically,  so  the 
bombardier  could  follow  the  flight 
of  the  bomb  visually  and  make 
corrections.  One  serious  drawback 
of  Azon  is  the  necessity  for  making 
a  long  run  after  actually  dropping 
the  bomb,  during  which  the  plane 
is  a  vulnerable  target  for  flak  in 
heavily  fortified  areas. 

Razon  is  a  free-falling  bomb  con¬ 
trolled  in  both  range  and  azimuth. 
It  uses  a  CRW-7  four-channel  audio 
system.  A  Crab  sight  attached  to 
the  Norden  bombsight  in  the  form 
of  a  half  mirror  projects  the  image 
of  the  bomb  flare  on  the  target, 
enabling  the  Norden  sight  to  show 
the  true  height  of  the  bomb  as  re¬ 
quired  for  range  corrections.  The 
same  hazardous  bombing  run  as 
for  Azon  must  be  performed. 

Spazon  is  a  free-falling  bomb 
which  is  allowed  to  spin  normally 
during  the  first  part  of  its  fall  to 
obtain  accuracy,  and  corrections  are 
made  by  radio  as  the  missile  ap¬ 
proaches  the  target.  The  technique 
was  not  altogether  successful,  and 
was  dropped  in  favor  of  other 
projects. 

Glomb  is  a  remotely  controlled 
glide  bomb  developed  to  extend  the 
range  of  the  missile  from  the 
Mother  aircraft  and  eliminate  the 
dangerous  follow-through  tech¬ 
niques  of  Azon  and  Razon.  A  wing 
with  a  span  of  12  feet  was  attached 


to  a  standard  bomb,  along  with  a 
twin  boom  and  a  set  of  tail  surfaces 
that  were  gyroscopically  stabilized 
and  radio  controlled.  The  type 
GB-4  contained  also  a  complete  tele¬ 
vision  transmitter  to  relay  to  the 
bombardier  a  complete  flight  pic¬ 
ture.  Two  of  these  missiles  were 
carried  under  the  wing  of  a  B  17 
bomber  and  released  one  at  a  time 
from  an  altitude  of  15,000  feet  and 
at  a  distance  of  17  miles  from  the 
target.  The  Mother  aircraft  then 
made  a  180-degree  turn  while  the 
missile  continued  on  its  way  to  the 
target.  The  bombardier,  watching 
his  television  receiver,  directed  the 
bomb  to  the  impact  point.  The 
second  bomb  could  then  be  released 
and  dropped  in  a  similar  manner. 

Jet  bombs  constitute  a  group  of 
guided  missiles  which  for  the  most 
part  is  still  classified  because  of  its 
remote  control  equipment  or  be¬ 
cause  of  the  aerodynamic  charac¬ 
teristics  of  the  bomb.  Entirely 
new  techniques  are  being  used  for 
control,  the  most  significant  being 
use  of  radar  stations  at  the  con¬ 
trolling  point. 

Roc  is  a  glide  bomb  developed 
near  the  end  of  the  war,  having 
unusual  aerodynamic  control  sur¬ 
faces  incorporated  in  a  wing  struc¬ 
ture  that  surrounds  the  belly  of  the 
bomb.  Controls  are  operated  re¬ 
motely  by  two  electric  motors,  in 
response  to  signals  from  the 
Mother  aircraft.  The  circular  fin 
at  the  tail  of  a  bomb  acts  as  a  drag, 
slowing  the  descent  sufficiently  to 
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FIG.  2 — Circuit  of  fire^hannel  RC-57  luperregeneratiye  receiver  used  in  pilotless  (drcraft  serrinq  as  targets  for  gunnery  practice 


provide  three  times  the  maneuver¬ 
ability  of  the  Razon.  The  Roc  can 
be  adapted  for  television  and  radio 
control  and  for  target  seeking. 

Another  technique  of  target 
destruction  involved  automatic  re¬ 
lease  of  all  bombs  in  a  squadron 
simultaneously,  the  planes  being 
positioned  in  a  formation  giving  a 
saturation  pattern  for  the  target  of 
the  day.  The  bombardier,  in  the 
lead  plane,  opened  the  bomb  bay 
doors  of  all  planes  in  the  squadron 
by  radio  remote  control  and  then 
pressed  a  button  that  automatically 
released  all  bombs.  The  transmit¬ 
ter  in  the  lead  plane  was  the  ARW-9 
(RC-186  modified),  while  the  re- 
.ceiving  equipment  in  all  other  air¬ 
craft  in  the  squadron  was  the 
ARW-10,  a  modified  version  of  the 
CRW-2. 

Recaiving  Equipment 

Tone-modulated  remote-control 
receiving  equipment  generally  con¬ 
sists  of  three  separate  units:  the  r-f 
receiver  proper,  the  audio  filter  se¬ 
lectors,  and  the  control  relays.  The 
circuit  of  one  such  equipment  will 
be  discussed  in  detail,  and  other 
equipments  will  be  analyzed  only 
insofar  as  they  differ  fundamen¬ 
tally. 

The  circuit  of  the  model  CRW-7 
four-channel  superheterodyne  re¬ 
ceiver  is  given  in  Fig.  1.  This 
crystal-controlled  receiver  is  capa¬ 
ble  of  operating  at  any  one  of  47 
predetermined  frequencies,  and 
was  used  primarily  for  Razon  con¬ 
trol  during  the  war. 

In  operation,  the  tone-modulated 
r-f  signal  received  by  the  antenna 
is  amplified  by  the  r-f  amplifier 
circuit  and  then  fed  to  the  control 
grid  of  the  mixer  stage.  The 


oscillator  section  employs  a  modi¬ 
fied  Pierce  oscillator  with  an  un¬ 
tuned  grid  circuit  and  with  the 
plate  circuit  tuned  to  the  third 
harmonic  of  the  crystal  frequency, 
followed  by  a  tripler  amplifier  stage 
that  applies  the  ninth  harmonic  of 
the  crystal  frequency  to  the  mixer 
tube  inductively  by  cathode  injec¬ 
tion.  The  mixer  filament  is  con¬ 
nected  in  such  a  manner  that  it  is 
at  the  same  r-f  potential  as  the 
cathode,  eliminating  the  loading 
effect  of  the  filament-cathode  capac¬ 
itance.  The  mixer  plate  circuit  is 
tuned  to  the  15-mc  i-f  value.  The 
gain  of  the  first  i-f  stage  is  con¬ 
trolled  by  avc,  while  that  of  the 
second  i-f  stage  is  controlled  by 
three  factors — avc,  a  fixed  bias 
tapped  from  a  bleeder  resistance, 
and  the  bias  voltage  developed 
across  the  cathode  resistor. 

One  section  of  the  duodiode  is 
used  for  audio  detection,  and  the 
other  provides  avc  voltage  for  the 
r-f  stage,  the  i-f  stages,  and  the 
first  audio  stage.  The  output  of  the 
second  i-f  amplifier  stage  is  also 
coupled  through  a  capacitor  to  the 
plate  of  the  avc  section  of  the  duo- 
diode,  making  possible  the  desired 
avc  voltage  for  the  audio  tube.  Two 
stages  of  audio  amplification  fol¬ 
low  the  detector,  with  the  output 
feeding  a  selective  filter  network. 
The  four  secondaries  of  this  tuned 
audio  transformer  network  respond 
to  the  audio  frequencies  of  475, 
755,  1,900,  and  3,000  cycles  per 
second.  Each  filter  output  voltage 
is  applied  to  the  grid  of  a  triode 
that  is  biased  beyond  cutoff  and 
has  in  its  plate  circuit  a  relay  which 
closes  an  electrical  circuit  to  a 
mechanical  actuator.  A  series  re¬ 
sistor  in  the  grid  circuit  prevents 


strong  signals  from  causing  exces¬ 
sive  grid  current.  High  grid  cur¬ 
rent  would  load  the  filters,  reducing 
the  circuit  Q  and  thus  reducing 
filter  selectivity  on  strong  signals. 

Rheostats  in  the  plate  circuits  of 
the  triodes  permit  adjusting  chan¬ 
nel  sensitivity.  Balanced  relays 
are  used,  one  for  each  twin  triode. 
As  long  as  no  signal  is  applied,  the 
relays  will  remain  in  a  balanced 
condition.  When  a  signal  is  re¬ 
ceived  on  a  grid,  the  relay  in  that 
circuit  will  be  unbalanced  in  one 
direction.  If  a  signal  appears  on 
the  other  control  grid  of  the  same 
tube,  the  relay  will  be  unbalanced 
in  the  opposite  direction.  In  the 
balanced  condition,  relay  contacts 
are  set  so  that  the  mechanism  con¬ 
trolled  by  the  relay  will  return  to 
a  centered  position.  If  the  relay 
is  unbalanced  in  one  direction,  the 
mechanism  will  be  maneuvered  off 
center  position  in  a  predetermined 
direction,  and  vice  versa. 

The  model  RC-57  superregenera- 
tive  receiver  employed  in  control 
of  target  aircraft  for  gunnery 
training  purposes  operates  on  any 
of  four  fixed  carrier  frequencies  in 
the  range  from  68  to  73  me,  using 
the  circuit  shown  in  Fig.  2.  The  r-f 
amplifier  stage  is  conventional,  with 
slug  tuning  for  the  r-f  coil  con¬ 
nected  to  the  nonresonant  antenna. 
A  self-quenching  superregenerative 
detector  similar  to  a  Colpitts  oscil¬ 
lator  is  used  for  detection. 

Since  the  detector  grid  current  is 
proportional  to  the  incoming  signal, 
the  voltage  developed  is  likewise 
proportional  to  the  incoming  signal. 
This  voltage  constitutes  the  audio 
output.  As  a  result  of  grid  blocking 
in  the  detector  tube,  a  high  level  of 
quench  voltage  is  developed,  which 
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would  normally  accompany  the  de¬ 
tector  signal  output.  This  quench 
voltage  is  removed  by  a  phase-shift¬ 
ing  network  to  prevent  overloading 
associated  amplifiers  and  filter  cir¬ 
cuits.  The  a-f  amplifier  is  essen¬ 
tially  conventional,  with  regenera¬ 
tion  in  the  first  a-f  stage  making 
the  gain  at  3,000  cycles  approxi¬ 
mately  twice  that  at  300  cycles.  To 
equalize  the  response,  a  0.001-mi- 
crofarad  capacitor  is  employed  as  a 
high-frequency  bypass  from  plate 
to  ground  in  the  second  a-f  stage. 

Five  separate  series-resonant  I/C 
circuits  in  parallel  with  the  output 
of  the  second  audio  amplifier,  each 
tuned  to  a  different  frequency,  act 
as  audio-frequency  filters.  Four  of 
these  tuned  circuits  are  similar  and 
have  the  signal  fed  through  the  tun¬ 
ing  capacitor  to  the  control  grid  of 
the  particular  relay-control  tube. 
The  fifth,  for  650  cycles,  is  inverted 
so  that  the  audio  signal  feeds 
through  the  inductance  first,  then 
through  the  capacitance  to  ground. 
This  change  reverses  the  selectivity 
characteristic  and  makes  the  650- 
cycle  filter  less  likely  to  respond  to 
the  next  higher  frequency. 

When  responding  to  its  fre¬ 
quency,  each  filter  builds  up, 
through  resonant  action,  a  voltage 
sufficient  to  overcome  the  grid  bias 
on  its  particular  relay-control  tube, 
enabling  the  tube  to  pass  plate  cur¬ 
rent  and  actuate  the  corresponding 
relay. 

The  model  RC-64  f-m  superhet¬ 
erodyne  receiver  used  in  guiding 
small  target  aircraft  for  gunnery 


training  purposes  operates  in  the 
35  to  40-mc  band,  normally  on  one 
fixed  frequency.  The  fourth  har¬ 
monic  of  the  crystal  oscillator  is 
combined  with  the  incoming  signal 
in  the  mixer  to  produce  an  interme¬ 
diate  frequency  of  3  me.  The  third 
i-f  transformer  feeds  into  the  grid 
of  the  limiter  tube,  which  acts  to 
reduce  any  amplitude  modulation 
due  to  static  or  noise  impulses.  The 
voltage  developed  by  the  limiter 
grid  current  is  used  for  automatic 
volume  control  for  the  i-f  and  r-f 
stages.  A  conventional  twin  diode 
discriminator  changes  the  fre¬ 
quency  variations  of  the  incoming 
signal  to  an  audio  frequency  by 
means  of  a  conventional  discrimi¬ 
nator  network. 

The  discriminator  output  feeds 
into  a  two-stage  audio  amplifier  that 
operates  a  carrier  relay.  The  audio 
amplifier  also  feeds  a  paralleled 


group  of  ten  relay  triodes  through 
RC  filter  networks  that  change  the 
audio  fidelity  to  offset  the  preem¬ 
phasis  introduced  in  the  transmit¬ 
ter,  with  audio  filters  in  each  relay 
circuit  responding  only  to  the  as¬ 
signed  frequency  for  that  relay. 

Superregenerative  receiver 
CRW-2,  designed  for  Azon  bombs 
and  automatic  bomb  release  opera¬ 
tions,  is  capable  of  receiving  carrier 
frequencies  between  50  and  100  me. 
This  range  is  covered  by  five  sets  of 
plug-in  units.  It  is  quite  similar  to 
RC-57  in  operation  and  theory,  but 
has  only  two  audio  channels. 

Audio-Tone  Control  Systems 

Various  methods  are  available  for 
increasing  the  number  of  control¬ 
lable  functions  provided  by  an  ele¬ 
mentary  receiver  system.  These 
may  be  divided  into  the  following 
four  categories:  (1)  single  tone; 
(2)  single  tone  and  simultaneous 
dual  tones;  (3)  dual  tones;  (4)  sin¬ 
gle  auxiliary  step  tones  and  single 
primary  tone. 

In  the  single-tone  relay  system  a 
separate  tone  channel  and  actuating 
relay  are  required  for  each  function 
performed.  The  output  of  the  audio 
selector  filter  network  channel  is 
fed  directly  into  a  pentode  which  in 
turn  actuates  a  relay  that  feeds  a 
voltage  directly  to  control  surface 
mechanisms  or  to  a  gyro  or  servo 
for  further  interpretation. 

By  arranging  relay  circuits  as  in 
Fig.  3A,  two  channels  can  be  made 
to  perform  three  functions.  Here  a 
neutral  position  for  the  rudder  (or 
any  other  such  device)  is  provided 
when  channels  A  and  B  are  not  op¬ 
erating.  No  neutral  position  is  pro- 
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Low-wing  PQ-14  target  oircrait  using  f-m  radio  control  receirer  ARW-1.  With  a  speed 
of  160  miles  an  hour,  this  plane  can  be  maneuvered  to  simulate  strafing 
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vided  for  the  elevators  of  the  OQ 
targets,  however,  inasmuch  as  a 
change  in  the  plane’s  center  of  grav¬ 
ity  due  to  normal  fuel  consumption 
will  make  the  plane  rise  or  dive  of 
its  own  accord  and  therefore  re¬ 
quire  constant  correction. 

Removal  of  the  carrier  frequency 
makes  possible  an  additional  func¬ 
tion  if  desired.  This  is  actually  em¬ 
ployed  with  one  variety  of  target 
aircraft,  where  the  parachute  is 
automatically  released  when  the 
carrier  is  removed. 

In  <the  single  tone  and  simultan¬ 
eous  dual  tone  system  single  tones 
and  single  relays  accomplish  one 
function  each,  and  simultaneous 
combination  of  two  tones  accom¬ 
plishes  still  another  function  which 
is  not  related  to  either  of  the  func¬ 
tions  produced  by  the  single  tones. 
The  basic  circuit  is  given  in  Fig. 


would  provide  10  functions  and  a 
six-channel  system  would  make 
possible  the  control  of  15  different 
aircraft  functions.  Safety  time- 
delay  relays  are  not  needed. 

In  the  system  employing  single 
auxiliary  step  tones  and  single  pri¬ 
mary  tones  a  single  auxiliary  tone 
is  used  to  position  a  stepping  relay 
which  selects  the  desired  function, 
and  another  primary  tone  is  used 
for  actually  accomplishing  the  move¬ 
ment.  A  reset  channel  tone  re¬ 
leases  a  cam  on  the  selector  switch, 
allowing  the  selector  to  swing  back 
to  its  starting  position. 

The  third  portion  of  the  system 
consists  of  four  primary  tones 
which  are  only  used  to  control  the 
control  surfaces  (right  or  left  rud¬ 
der,  elevators  up  or  down).  It  would 
be  undesirable  to  refer  these  basic 
flight  functions  to  a  selector  switch 
of  this  type. 

Pulse  Control  Techniques 

Methods  other  than  tone  control 
have  been  utilized  to  transmit  intel¬ 
ligence  to  guided  missiles.  One  of 
these  methods  is  pulse  control  by 
the  use  of  radar.  The  radar  trans¬ 
mitters  are  usually  keyed  at  an 
audio  rate.  If,  however,  provisions 
are  incorporated  in  the  design  of 
the  transmitter  to  provide  a  vari¬ 
able  audio  rate  of  pulsing,  then  a  re¬ 
ceiver  with  suitable  audio  filters  can 
select  these  audio  transmissions  and 
convert  these  impulses  into  desir¬ 
able  control  functions  through  relay 
boxes. 

Pulse  control  development  has 
been  conducted  using  primarily  uhf 
transmitters,  which  necessarily 
limit  the  range  at  which  control  can 


be  effected  to  line-of-sight  dis¬ 
tances.  This  system  could  be  ap¬ 
plied  as  well  to  lower-frequency 
transmitters  where  space  and 
weight  considerations  for  both 
transmitter  and  receiver  are  not 
primary  factors. 

The  security  of  a  single  pulse 
control  system  is  not  adequate  for 
modern  warfare,  since  an  aggres¬ 
sive  enemy  through  active  monitor¬ 
ing  can  easily  determine  not  only 
the  system  which  is  in  operation  but 
also  the  type  of  intelligence  that  is 
being  transmitted  over  the  system. 

A  coded  pulsing  system  will  mate¬ 
rially  add  to  the  security  of  the 
system;  however,  such  a  system 
with  single  or  coded  pulses  is  sus¬ 
ceptible  to  jamming,  becoming  more 
and  more  unreliable  as  the  receiver 
in  the  missile  approaches  enemy 
territory. 

Work  is  continuing  on  an  ex¬ 
panded  guided  missiles  program,  in¬ 
volving  detailed  consideration  of 
means  for  automatically  accom¬ 
plishing  the  takeoff,  control,  navi¬ 
gation,  and  final  trajectory  on  a 
basis  similar  to  that  employed  by 
bomber  aircraft  on  missions. 

Future  Guided  Missiles 

It  is  still  too  early  to  describe  in 
detail  the  technical  aspects  of  this 
program.  There  is,  however,  a 
basic  philosophy  for  the  guidance 
of  missiles  which  will  be  pursued  on 
a  long-range  basis,  namely,  assur¬ 
ance  of  positive  control  throughout 
the  life  of  the  missile  together  with 
means  for  availability  of  missile 
progress  data  at  the  remote  launch¬ 
ing  point.  This  second  phase  is  per¬ 
haps  the  most  difficult  as  it  involves 
the  transmission  of  video-type  sig¬ 
nals  over  distances  beyond  radio 
line-of-sight  without  the  benefit  of 
airborne  relay  stations.  This  prob¬ 
lem  may  be  met  through  various 
concessions  in  the  solution  of  spe¬ 
cial  military  problems. 

This  article  has  presented  most 
of  the  more  important  guided  mis¬ 
siles  developed  by  the  Army  Air 
Forces  during  the  past  war,  and  in¬ 
dicates  certain  aspects  of  future  de¬ 
velopment  trends.  Limitations 
which  are  being  considered  and 
eliminated  are  range,  speed  com¬ 
plexity,  traffic-handling  capacity, 
and  vulnerability  to  countermeas¬ 
ures. 


The  relays  in  series  with  the  out¬ 
puts  of  the  A  and  B  channels  are 
safety  devices  that  act  as  time-delay 
relays  (about  5  milliseconds)  to  al¬ 
low  for  any  minute  differences  be¬ 
tween  the  start  of  the  two  tones  at 
the  transmitter.  If  this  precau¬ 
tionary  measure  were  omitted  and 
either  of  the  two  channels  should 
operate  separately  when  a  dual¬ 
channel  function  is  implied,  the 
single  tone  action  would  be  per¬ 
formed  and  in  some  cases  (suppos¬ 
ing  it  were  the  detonate  channel) 
there  would  be  disastrous  results. 

The  dual-tone  system  always  re¬ 
quires  simultaneous  transmission 
of  two  tones  to  perform  a  single 
function.  While  the  four-channel 
circuit  shown  in  Fig.  3C  gives  six 
functions,  a  five-channel  system 
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Dynamic  Suppression  of 

By  controlling  the  bandwidth  of  an  audio  amplifier  automatically  in  accordance  with 
the  characteristics  of  the  recorded  music,  suppression  of  high  and  low-frequency  noise 
may  be  achieved  without  noticeable  injury  to  the  realism  of  reproduction 


The  most  obvious  shortcoming 
of  ordinary  reproduction  of 
music  from  phonograph  records  is 
the  presence  of  the  high-frequency 
background  noise  level  caused  by 
minute  irregularities  on  the  sur¬ 
face  of  the  record.  Although  this 
noise  is  more  or  less  random  in 
character,  the  most  annoying  part 
of  it  is  concentrated  in  the  same 
frequency  range  as  the  upper  musi¬ 
cal  harmonics.  Any  attempt  to  re¬ 
duce  it  has  heretofore  been  accom¬ 
panied  by  a  serious  attenuation  of 
these  harmonics  and  often  of  some 
of  the  higher  musical  fundamentals 
also. 

For  years,  it  has  been  recognized 
that  the  most  satisfactory  simple 
means  of  controlling  noise  is  by 
controlling  bandwidth,  using  as 
sharp  a  cutoff  as  possible  beyond 
the  desired  band  and  a  minimum 
of  attenuation  within  the  band.  The 
reproduction  of  phonograph  rec¬ 
ords  represents  about  the  only 
phase  in  the  field  of  electrical  re¬ 
producing  where  this  precept  has 
been  generally  disregarded.  There 
are  several  reasons  for  this.  One  is 


that  the  commonly  used  crystal 
pickup,  when  operated  into  a  high- 
resistance  load,  provides  conven¬ 
iently  a  drooping  frequency  char¬ 
acteristic  or  high-frequency  roll¬ 
off  without  the  use  of  any  addi¬ 
tional  parts.  Another  is  that  pho¬ 
nograph  records  have  been  made 
with  various  degrees  of  high-fre¬ 
quency  preemphasis,  and  a  single 
tone  control  adjusting  the  rate  of 
rolloff  can  be  used  either  to  com¬ 
pensate  for  the  recording  charac¬ 
teristics  or  to  reduce  noise,  the  lat¬ 
ter  of  course  always  at  the  expense 
of  fidelity.  The  third  and  perhaps 
most  important  reason  is  that  a 
sharp  cutoff  frequency  sufficiently 
low  to  reduce  the  noise  level  ap¬ 
preciably  makes  such  a  deep  excur¬ 
sion  into  the  range  of  lower  over¬ 
tones  and  higher  fundamentals  of 
the  music  as  to  produce  an  ex¬ 
tremely  unnatural  and  mechanical 
quality  at  high  volume  levels. 

To  a  secondary  degree  there  are 
also  present  low-frequency  noises 
or  rumbles,  which  may  be  in  either 
the  record  or  the  turntable,  and 
which  are  ^noticeable  during  soft 


passages  which  do  not  contain  many 
low  frequencies.  The  present' tend¬ 
ency  to  use  large  amounts  of  bass 
boost  or  automatic  low-frequency 
compensation  greatly  exaggerates 
any  rumble  that  may  be  present. 

High-frequency  and  low-fre¬ 
quency  noises  are  present  at  sub¬ 
stantially  constant  level  during  the 
playing  of  a  record.  Hence  they  are 
most  noticeable  during  soft  pas¬ 
sages  and  least  noticed  (often 
masked  completely)  during  loud 
passages.  The  noise  suppressor  de¬ 
scribed  in  this  paper  is  a  device 
which  controls  the  bandwidth  of 
reproduction  automatically  and  con¬ 
tinuously  as  a  function  of  the  vol¬ 
ume  and  frequency  characteristics 
of  the  music,  extending  the  band 
during  the  loud  passages  and  con¬ 
tracting  it  during  the  low-level  por¬ 
tions,  the  variation  in  bandwidth 
being  independently  controlled  at 
both  ends  of  the  spectrum.  Thus 
the  noise  is  reduced  when  it 
would  be  most  noticeable,  and  full 
bandwidth  is  used  when  it  is  most 
necessary,  at  high  levels.  This  au¬ 
tomatic  contraction  and  extension 


FIG.  1 — Typiccd  threskold  of  hearing  (a)  and  most  probable 
distribution  of  frequenq^  components  in  music  at  high  levels 
(b),  with  volume  control  turned  down  (c)  and  with  orchestra 
ploying  softly  (d) 


FIG.  2 — Relative  noise  level  per  cycle  bandwidth  at  high  and 
low  frequencies,  when  reproducing  shellac  records  with  and 
without  dynamic  noise  suppressor.  Shaded  areas  represent 
degree  of  noise  reduction 


92 


December,  19^6  —  ELECTRONICS 


Phonograph  Record  Noise 


By  H.  H.  SCOTT 

Technologu  InHtnnnrnt  f’orft. 
Waltham,  Mrnts. 


of  the  bandwidth  has  but  a  neg¬ 
ligible  effect  on  the  apparent 
realism  of  reproduction,  because  of 
the  threshold  characteristic  of  the 
ear  and  the  distribution  of  energy 
in  musical  sounds  as  described  be¬ 
low. 

Music  and  Hearing 

Curve  a  in  Fig.  1  shows  the 
threshold  of  hearing"  for  an  aver¬ 
age  person,  in  terms  of  frequency. 
Sounds  below  this  curve  are  inaud¬ 
ible.  The  distribution  of  the  most 
probable  amplitudes  of  the  various 
frequency  components  involved  in 
typical  orchestral  music*  is  shown 
by  curve  ft.  This  may  be  moved  up 
and  down  by  varying  the  volume 
level  of  the  reproduction  as  shown 
in  curve  r,  but  it  will  be  noted  that 
it  always  intersects  curve  a  at 
definite  points  in  both  the  low  and 
high-frequency  ranges.  For  any 
particular  position  of  curve  c  and 
for  the  type  of  signal  represented 
by  curve  c,  all  frequencies  above 
and  below  these  high  and  low-fre¬ 
quency  limits,  respectively,  may  be 
neglected  so  far  as  being  of  any 
importance  to  the  listener  is  con¬ 
cerned,  since  he  will  not  be  able  to 
hear  them. 

As  a  practical  matter,  if  the  re¬ 
duction  of  volume  is  obtained  by 
the  musicians  playing  more  softly, 
the  shape  of  curve  c  will  actually  be 
altered  to  something  more  like 
curve  d,  showing  still  greater  re¬ 
duction  in  amplitude  at  the  higher 
frequencies.  This  is  the  result  of 
the  well  known  fact  that  most  musi¬ 
cal  instruments  produce  purer 
tones  (less  harmonics)  when  played 
softly  than  w'hen  played  loudly.  It 
will  be  noted  that  at  low  levels 
curve  d  may  cross  the  threshold 
curve  at  a  high-frequency  limit  as 
low  as  2500  cycles. 

Theoretically,  then,  when  listen¬ 
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ing  to  low-level  orchestral  music 
of  the  type  indicated,  insertion  of  a 
2500-cycle  low-pass  filter  will  pro¬ 
duce  little  or  no  change  which  is 
obvious  to  the  listener.  This  is 
actually  borne  out  by  listening 
tests.  But  the  introduction  of  the 
filter  results  in  a  tremendous  de¬ 
crease  in  needle  scratch.  This  is 
true  because  most  of  the  scratch 
noise  is  high-frequency  noise  and 
its  level  is  w’ell  above  the  threshold 
of  hearing. 

A  similar  situation  exists  at  the 
low-frequency  end  of  the  range. 
Here  again,  reproduction  of  those 
components  which  fall  below  the 
threshold  of  hearing  results  in  no 
worthwhile  improvement  in  the 
quality  of  the  signal  but  may  cause 
rumble  noise  which  is  considerably 
louder  than  the  desired  signal  com¬ 
ponents. 

If,  therefore,  some  system  is  de¬ 
vised  w’hich  automatically  cuts  off 
sharply  in  response  characteristics 
for  the  ranges  including  those  com¬ 
ponents  of  a  signal  which  are  at 
too  low  a  level  to  be  heard,  the  ap¬ 
parent  quality  of  reproduction  will 
not  suffer,  and  the  signal-to-noise 
ratio  will  be  improved  to  a  worth¬ 
while  degree.  The  present  state  of 
the  electronic  art  allow’s  practical 


accomplishment  of  this  objective  in 
several  different  ways,  with  vary¬ 
ing  elaborateness  of  equipment. 

Degree  of  Noise  Reduction 

The  amount  of  audible  noise  re¬ 
duction  obtained  with  the  system 
under  discussion  is  difficult  to  ex¬ 
press  in  simple  terms,  since  it  de¬ 
pends  so  much  upon  the  high-fre¬ 
quency  hearing  of  the  individual, 
the  effect  of  auditory  masking  of 
the  small  remaining  noise  by  the 
music  signal,  and  various  psycho¬ 
logical  factors  dealing  with  annoy¬ 
ance  and  personal  preference. 

A  relatively  simple  system  can  be 
made  to  give  more  than  20-db  at¬ 
tenuation  to  high-frequency  and 
low-frequency  noise,' with  substan¬ 
tially  no  attenuation  within  the 
pass  band.  A  narrow  band  of  noise 
is  all  that  is  left,  and  it  is  so  situ¬ 
ated  ( in  shellac  records)  that  it 
coincides  with  the  point  of  mini¬ 
mum  noise  energy.  It  also  lies 
within  the  musical  spectrum,  so 
that  it  is  easily  masked  by  even 
low’-level  music.  In  general  terms, 
it  may  be  said  that  the  suppressor 
reduces  the  noise  level  from  a  point 
where  it  is  distinctly  annoying  to  a 
point  where  it  is  practically  elimi¬ 
nated  on  the  best  records  and  prac- 
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tically  unnoticeable  on  the  worst 
records. 

The  only  fair  proof  of  the  effec¬ 
tiveness  and  true  value  of  the  dy¬ 
namic  noise  suppressor  is  in  actual 
listening  tests.  Figure  2  has  been 
prepared  in  an  attempt  to  give  a 
graphical  portrayal  of  the  amount 
of  noise  reduction.  Curve  A  rep¬ 
resents  typical  noise  level  per  cycle 
bandwidth  on  a  standard-grade 
shellac  record.*  The  variation 
among  records  is  very  great,  and 
while  some  high-quality  records, 
prrticularly  of  the  Vinylite  type, 
may  be  noticeably  quieter,  many 
records,  particularly  if  at  all  worn, 
produce  far  higher  noise  levels  in 
the  high-frequency  range. 

Curve  A  represents  the  relative 
noise  level  at  various  frequencies 
in  terms  of  power  level,  as  repro¬ 
duced  with  a  flat  overall  character¬ 
istic  from  a  constant- velocity  re¬ 
cording.  The  total  area  C  plus  D 
under  curve  A  represents  the  total 
noise,  since  a  linear  frequency 
scale  is  used.  Similarly,  curve  B 
represents  the  remaining  noite 
spectrum  when  using  the  dynamic 
noise  suppressor  and  the  area  D  un¬ 
der  this  curve  represents  the  re¬ 
maining  noise  energy.  Visual  com¬ 
parison  of  the  area  D  with  the 
total  area  C  plus  D  gives  some  idea 
of  the  amount  of  noise  reduction 
obtained  on  the  physical  basis  of 
overall  noise  energy.  It  will  be 
noted  that  the  area  C,  representing 
the  amount  of  noise  eliminated  by 
the  dynamic  noise  suppressor,  com¬ 
prises  all  but  a  very  small  portion 
of  the  total  noise  energy,  and  that 
the  most  annoying  noise,  which 
occurs  in  the  higher  frequency 
ranges,  is  eliminated  entirely. 

Preemphasized  recordings  have 
been  used  increasingly  in  recent 
years  as  a  means  of  obtaining  an 
improved  signal-to-noise  ratio. 
While  record  companies  have  not 
published  data  as  to  the  exact 
amount  of  preemphasis  used,  indi¬ 
cations  are  that  9  db  at  8000  cycles 
is  t3rpical  of  records  which  have 
been  widely  sold.  If  the  reproduc¬ 
ing  system  is  provided  with  an 
equivalent  amount  of  deemphasis, 
the  curve  ^4  becomes  the  curve 
and  curve  B  becomes  curve  F.  The 
total  area  H  plus  G  represents  the 
total  noise,  while  G  represents  the 


relatively  large  proportion  elimi¬ 
nated  by  the  suppressor  and  H  is 
the  relatively  small  amount  of  re¬ 
maining  noise,  which  is  even 
smaller  than  the  equivalent  area  D 
without  preemphasis. 

Figure  2  shows  also  the  low-fre¬ 
quency  noise  taken  from  Bauer’s 
data  (which  were  on  a  constant- 
velocity  basis),  adjusted  for  the 
normal  reproducing  characteristic 
used  with  a  500-cycle  turn-over 
point  between  constant-amplitude 
and  constant-velocity  recording.  It 
should  be  noted  that  the  scales  for 
the  low-frequency  chart  are  differ¬ 
ent  from  the  high-frequency  charts 
in  order  to  provide  satisfactory 
illustration  of  the  noise-reduction 
effect.  The  break  between  the  low 
and  high-frequency  charts  was 
positioned  at  500  cycles,  which  is 
a  conventional  crossover  point  in 
recording  characteristics.  It  will 
be  noted  from  curve  J  that  low- 
frequency  noise  increases  rapidly 
below  200  cycles,  reaching  a  power 
level  1000  times  as  high  at  50  cycles 
as  at  1000  cycles,  and  still  100  times 
higher  at  30  cycles.  This  illustrates 
why  many  record-reproducing  sys¬ 
tems  have  incorporated  low-fre¬ 
quency  cutoff  circuits  to  reduce 
rumble  trouble  and  acoustic  feed¬ 
back. 

The  action  of  the  noise  suppres¬ 
sor  is  the  opposite  of  the  low- 
frequency  noise  characteristic  in 
that  the  noise  attenuation  increases 
as  the  frequency  is  decreased.  Con¬ 
sequently,  the  remaining  noise  is 
approximately  as  shown  by  curve 
K,  and  is  negligible  at  even  very 
low  frequencies.  The  total  area  L 
plus  M  represents  the  total  low- 
frequency  noise,  the  area  L  being 
that  eliminated  by  the  suppressor, 
and  the  area  M  representing  the 
remaining  noise.  It  will  be  noted 
that  M  represents  a  negligible  part 
of  the  total  noise  area.  Use  of  the 
suppressor  is  consequently  of  tre¬ 
mendous  benefit  in  systems  having 
extended  or  boosted  bass  response, 
and  the  suppressor  becomes  more 
important  as  the  bass  response  is 
improved. 

Aural  Balance 

There  is  a  further  important 
advantage  in  the  simultaneous  con¬ 
trol  of  the  low  and  high  frequencies 


which  is  totally  independent  of  the 
noise-suppression  effect  but  is  of 
prime  importance  in  presenting 
what  to  the  ear  appears  to  be  con¬ 
stant  reproduction  of  a  wide  fre¬ 
quency  range. 

It  is  well  known  that  restriction 
of  one  end  of  the  frequency  range 
is  less  noticeable  if  the  other  end 
of  the  range  is  also  restricted,  thus 
maintaining  substantially  constant 
the  product  between  the  high-fre¬ 
quency  and  the  low-frequency  cut¬ 
offs  of  the  system.  Of  course,  if 
the  noise-suppression  system  were 
perfect,  and  the  frequency  ranges 
attenuated  always  fell  beyond  the 
range  of  audibility,  the  question  of 
maintenance  of  aural  balance  would 
be  of  no  importance,  since,  so  far 
as  the  ear  could  determine,  there 
would  be  no  restriction  of  the  fre¬ 
quency  range.  As  a  practical  mat¬ 
ter,  however,  this  theoretically 
ideal  condition  is  not  always 
obtained. 

Many  people  like  to  operate  their 
radios  or  phonographs  at  a  fairly 
high  level,  and,  particularly  where 
a  high  degree  of  compression  is 
used  in  the  transmission  or  the 
recording,  the  low-level  portions  of 
the  program  may  be  heard  at  a 
higher  level  than  normal.  This  is 
also  true  for  people  sitting  unusu¬ 
ally  close  to  the  loudspeaker  when 
the  volume  is  adjusted  for  satis¬ 
factory  level  in  a  fairly  large  room. 
Under  either  of  these  conditions, 
the  range  during  the  low-level  por¬ 
tions  of  the  program  may  be  re¬ 
stricted  somewhat  within  the 
audible  limits.  Also,  all  program 
material  will  not  follow  exactly  the 
actual  frequency  distribution  of  the 
curve  d  of  Fig.  1.  In  fact,  the 
actual  frequency  distribution  of  the 
music  is  constantly  varying  not 
only  from  orchestra  to  orchestra 
or  from  instrument  to  instrument, 
but  also  from  instant  to  instant. 
Any  curve  such  as  those  of  c  or  d, 
therefore,  represents  merely  an 
average  condition. 

Since  these  particular  curves  are 
based  upon  most  probable  levels, 
variations  will  normally  fall  below 
the  curves,  but  occasionally  varia¬ 
tions  will  fall  above  the  curves,  and 
under  these  conditions  also,  if  the 
variations  occur  at  very  high  or 
very  low  frequencies,  the  aural  bal- 
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ance  might  be  upset.  Independent 
control  of  low-level  high-frequency 
cutoffs  provides  best  fidelity  for  a 
wide  range  of  signal  types  and  best 
aural  balance  for  variations  in 
listening  conditions. 

A  third  condition  goes  back  to 
the  generally  accepted  reaction  of 
the  average  listener  in  regard  to 
noise  versus  high  fidelity.  Under 
conditions  where  a  choice  between 
fidelity  and  noise  must  be  made, 
the  listener  will  generally  choose 
that  condition  which  keeps  the 
noise  level  practically  inaudible 
during  the  actual  program.  With 
extremely  noisy  records,  this  may 
make  desirable  the  setting  of  the 
control  and  gate  circuits  so  as  to 
provide  somewhat  greater  fre¬ 
quency-range  restriction,  particu¬ 
larly  at  low  levels,  than  that 
implied  from  theoretical  consider¬ 
ations  of  curves  a  and  d. 

These  conditions  indicate  the 
desirability  of  a  system  controlling 
both  low  and  high  frequencies,  a 
desirability  sufficiently  great,  in 
fact,  to  warrant  control  of  both 
ends  of  the  frequency  spectrum 
even  under  conditions  where  noise 
is  encountered  at  only  one  end. 

Gate  and  Control  Circuits 

The  heart  of  the  noise-suppres¬ 
sion  system  is  a  controlled  bandpass 
filter  known  as  the  gate  circuit.  It 
has  extremely  sharp  cutoff  charac¬ 
teristics,  particularly  for  the  elim¬ 
ination  of  high-frequency  noise. 
For  varying  applications,  depend¬ 
ing  upon  the  type  of  signal  and 
the  type  of  noise,  lowpass,  band¬ 
pass  or  band-elimination  charac¬ 
teristics  may  be  desired.  For  the 
disc  record  application  a  bandpass 
characteristic  is  preferred,  with  a 
sharp  cutoff  at  the  high-frequency 
end.  The  sharpness  of  the  low- 
frequency  cutoff  is  of  somewhat 
less  importance,  but  a  slope  steeper 
than  that  obtained  with  the  ordi¬ 
nary  single-stage  R-C  tone  control 
is  desirable.  The  gate  circuit  is 
capable  of  rapid  control  without 
introducing  audible  thumps  into 
the  output. 

The  control  circuit  which  actu¬ 
ates  the  gate  circuit  adjusts  inde¬ 
pendently  and  continuously  both 
high  and  low  cutoffs  of  the  system, 
so  that  they  always  coincide  with 


the  respective  points  of  intersection 
of  the  curves  for  the  threshold  of 
audibility  and  the  frequency  distri¬ 
bution  of  the  particular  signal.  The 
control  must  be  sufficiently  fast  to 
permit  satisfactory  reproduction 
of  transient  sounds  and  to  follow 
each  individual  note  in  the  music, 
so  that  noise  shall  not  be  heard 


CIRCUITS  TO  COME 

For  patent  reasons,  the  author  has 
found  it  necessary  to  omit  circuit  dia¬ 
grams  from  this  paper. 

In  view  of  the  great  interest  aroused 
by  demonstrations  of  the  dynamic 
noise  suppressor  at  the  National  Elec¬ 
tronics  Conference,  the  editors  feel 
that  this  description  of  the  -underlying 
principle  should  nevertheless  be  pub¬ 
lished. 

Mr.  Scott  has  promised  complete 
details  of  both  broadcast-station  and 
home  equipment  for  publication  in  an 
early  issue. 


in  the  background  between  adja¬ 
cent  notes  in  music  of  .a  staccato 
or  percussion  character,  such  as 
from  the  piano.  When  properly 
operated,  the  system  shows  no 
noticeable  evidence  of  a  rising  and 
falling  background  noise  varying 
in  accordance  with  the  musical 
signal. 

The* noise  levels  encountered  in 
the  upper  and  lower  frequency 
ranges  over  which  the  cutoffs  may 
be  varied  are  considerably  higher 
than  the  musical  components  exist¬ 
ing  in  those  ranges,  except  during 
a  small  portion  of  the  playing  time. 
Consequently  the  sensitivity  of  the 
control  circuit  must  be  reduced  in 
the  ranges  over  which  the  cutoffs 
are  controlled  in  order  that  control 
shall  reside  in  the  signal,  rather 
than  in  the  noise  or  rumble.  This 
is  very  satisfactorily  arranged 
when  the  reproduced  signal  is 
music,  since  the  extremely  high 
harmonics  exist  only  with  funda¬ 
mentals  of  somewhat  lower 
frequency,  and  control  of  the  high- 
frequency  cutoff  can  be  exercised 
in  accordance  with  musical  compo¬ 
nents  below  the  controlled  range. 
Similarly,  the  deep  bass  fundamen¬ 
tals  are  accompanied  by  harmonics 
of  appreciable  amplitude  which 


may  be  used  to  control  the  low- 
frequency  cutoff. 

Practical  Equipment 

The  noise  suppressor  for  home 
phonograph  use  involves  only  three 
vacuum  tubes,  two  in  the  gate  cir¬ 
cuit  and  one  in  the  control  circuit, 
and  this  third  and  latter  tube  may 
often  be  combined  with  one  of  the 
tubes  already  in  the  set.  Further¬ 
more,  the  gate  circuit  may  be  made 
with  an  adjustable  maximum  band¬ 
width  or  rolloff  and  thus  may  be 
used  to  replace  some  of  the  usual 
tone-control  circuits  in  the  receiver 
and  the  10-kc  whistle  filter  for  a-m 
reception,  so  that  the  additional 
parts  required  to  include  the  sup¬ 
pressor  in  a  radio-phonograph  are 
few  in  number. 

Further  elaboration  of  the  gate 
and  control  circuits  will  produce 
many  advantages  such  as  wider 
frequency  range,  lower  distortion, 
lower  hum  level,  greater  flexibility 
of  control,  and  the  ability  to  cope 
satisfactorily  with  a  wider  range 
of  signal  and  noise  types.  The  first 
three  of  these  characteristics  are 
of  relatively  little  importance  in 
home  radio-phonograph,  since  even 
the  simpler  circuits  exceed  the 
normal  requirements  of  home  radio- 
phonograph  design  in  these  re¬ 
spects.  The  other  improvements 
involve  too  many  extra  parts  and 
tubes  for  inclusion  in  the  average 
home  receiver.  On  the  other  hand, 
for  broadcast  applications,  the  best 
possible  performance  is  more  im¬ 
portant  than  the  actual  cost  of  the 
equipment,  and  for  these  applica¬ 
tions,  a  considerably  more  elaborate 
form  of  the  noise  suppressor  has 
been  designed  and  is  pictured  here. 

Details  of  the  circuits  will  be 
published  in  an  article  to  appear  in 
these  pages  as  soon  as  patent  ac¬ 
tions  are  completed. 
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VIBRATION  EXCITER 
for  Structural  Tests 


Electromagnetic  shaker  units  develop  tremendous  forces  at  mechanical  resonance,  for 
aircraft  flutter  tests  and  failure  tests  in  structural  members.  Unique  carrier-type  a-f 
amplifier,  phase  shifter,  and  phase  indicator  circuits  are  employed 
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Complete  yibration  exciter  equipment  lor  driying  the  two  pairs  of  electromagnetic 
shaker  on  the  floor.  Power  amplifier  cabinet  at  left  contains  plug-in  a-f  oscillator  for 
controlling  exciting  frequency  of  shakers,  while  cabinet  at  right  contains  plug-in 
phase  shifter  for  yarying  phase  relationship  of  signals  fed  from  a-f  oscillator  to  the 
two  power  amplifiers.  Extra  a-f  oscillator  on  box  between  cabinets  is  plugged  into 
cabinet  at  right  in  place  of  phase  shifter  when  it  is  desired  to  use  the  two  amplifiers 
independently,  each  with  its  own  controllable  a-f  oscillator  and  pair  of  shakers 


This  electronic  vibration  excit¬ 
ing  equipment  was  primarily 
designed  for  making  flutter  tests 
on  large  aircraft  structures.  It 
provides  for  separately  exciting  vi¬ 
bration  at  each  mechanical  reso¬ 
nant  frequent  of  the  structure 
being  tested,  as  contrasted  to 
brute-force  apparatus  wherein 
vibration  is  created  through  use 
of  a  rotating  unbalanced  mass 
driven  by  a  constant-speed  motor. 

In  comparison  with  a  mechanical 
system  for  producing  vibration, 
the  electronic  method  offers  flexi¬ 
bility  and  accurate  control  over  the 
vibration  forces  being  applied. 
When  desired,  vibration  forces  may 
be  exerted  simultaneously  at  sev¬ 
eral  points  on  a  structure.  The  op¬ 
erator  has  fingertip  control  over 
the  phase  and  amplitude  relation¬ 
ships  of  the  several  vibration  forces 
being  exerted,  permitting  excita¬ 
tion  of  torsional  or  bending  modes 
of  wings,  either  symmetrical  or 
antisymmetrical,  at  will. 

As  an  example,  the  Douglas  C-74 
(DC-7)  airplane  was  caused  to 
bounce  vertically  on  its  landing 
gear  by  applying  vibration  excit¬ 
ing  forces  to  the  wings,  adjacent  to 
each  side  of  the  fuselage.  The  mass 
of  the  airplane  (30  tons)  and  the 
compliance  of  the  tires  resonated 
at  a  frequency  of  114  cycles  per 
minute.  Two  electromagnetic  shak¬ 
ers  were  used  and  the  peak  force 
required  to  produce  the  vertical 
bounding  was  only  45  pounds  per 
shaker.  Thus,  tremendous  mechan¬ 
ical  forces  can  be  developed  through 
the  phenomenon  of  resonance. 

In  another  test,  the  wing  of  a 


large  airplane  was  excited  in  an 
anti-symmetrical  bending  mode. 
This  imparted  a  torsional  (rota¬ 
tional)  motion  to  the  fuselage, 
causing  the  tail  assembly  to  whip 
from  side  to  side.  The  extent  of 
tail  motion  made  the  fuselage  oil¬ 
can  and  produce  snapping  sounds 
like  those  of  a  child’s  metal  cricket. 

Many  of  the  recent  types  of  air¬ 
craft,  both  large  and  small,  have 
been  tested  with  the  Rollin  model 
35  equipment  described,  including 
the  Consolidated  Vultee  XB-36  (the 
Army’s  largest  land-based  bomber), 
the  Northrop  XB-35  flying  wing, 
Douglas  C-74,  Northrup  XF-15, 
and  the  Consolidated  RY-3. 


The  use  of  the  equipment  is  not 
limited  to  testing  airframes,  how¬ 
ever.  It  may  be  employed  to  excite 
vibration  in  various  types  of  struc¬ 
tures,  such  as  for  making  acceler¬ 
ated  repeated  load  or  fatigue  tests 
(to  the  point  of  failure  or  destruc¬ 
tion)  to  determine  the  physical 
properties  of  various  structural 
members  or  certain  materials.  For 
instance,  a  resonant  force  of  200 
pounds  may  be  exerted  alternately 
in  tension  and  compression  on  a 
sample  structural  member  for  80,- 
000  cycles  in  two  hours.  A  similar 
test  employing  motor-driven  cam- 
operated  apparatus  operating  at  the 
rate  of  10  cycles  per  minute  would 
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Power  onnpliiier  cabinet  Just  showing  at  left  supplies  exciting  power  to  the  two  shakers  on  the  ground,  each  attached  to  one  of  the 

fuselage  sections  of  a  Northrop  F-15  photo  reconnaissance  plane 


) 

require  well  over  100  hours  of  run¬ 
ning. 

Electromagnetic  Shaker  Units 

The  driving  force  is  produced  by 
electromagnetic  vibration  motor  or 
shaker  units  energized  by  a  vac¬ 
uum-tube  oscillator  and  power  am¬ 
plifier.  The  frequency  of  the  oscil¬ 
lator  can  be  controlled  over  a  range 
j  from  2  cycles  per  second  (120  cpm) 
to  over  500  cycles  per  second  (30,- 
t  000  cpm),  and  lower  frequencies 

I  down  to  zero  can  be  obtained  by 
i  substituting  a  motor-driven  sine 

potentiometer  and  a  battery  for  the 
vacuum-tube  oscillator. 

A  shaker  unit  comprises  a  mov¬ 
able  armature  coil  suspended  in  the 
air  gap  of  a  magnetic  circuit  oper¬ 
ated  at  high  flux  density.  The  field 
coils  are  wound  with  100  pounds  of 
copper  wire.  The  complete  shaker 
weighs  about  225  pounds  and  can 
produce  a  peak  blocked  driving 
force  of  150  pounds.  A  mechanical 
connection  to  the  armature  trans¬ 
fers  this  force  to  a  structure. 

A  unique  beryllium  copper  sus¬ 
pension  system  keeps  the  armature 
coil  centered  in  the  air  gap  during 
motion  while  permitting  an  arma¬ 
ture  excursion  of  over  I  inch  in 
both  directions  from  the  rest  posi¬ 
tion.  Less  than  5  pounds  of  pull  is 
required  to  move  the  armature 
from  its  rest  position  to  a  position 
of  maximum  excursion.  This 


spring  system  has  low  mechanical 
damping  as  required  for  observ¬ 
ance  of  weak  resonant  periods  of 
vibration  in  the  structure  under 
test,  and  the  mass  of  the  driving 
element  (primarily  that  af  the  ar¬ 
mature  coil)  is  low  enough  so  it 
does  not  affect  the  resonant  periods 
of  the  structure.  Another  require¬ 
ment,  minimum  electrical  damping, 
is  obtained  by  keeping  the  internal 
resistance  or  impedance  of  the 
source  of  driving  power  (the  am¬ 
plifier  output  stage)  high  with  re¬ 
spect  to  that  of  the  armature  coils. 
With  a  higher  resistance,  the  back 
emf  generated  by  armature  coil 
motion  cannot  cause  appreciable 


current  flow  which  would  consti¬ 
tute  an  electrical  damping  effect. 

Many  vibration  tests  require 
means  for  applying  vibration  forces 
of  different  phase  to  two  points  on 
a  structure,  such  as  for  creating 
torsional  (rotational)  types  of  vi¬ 
bration.  For  this  reason  two 
identical  exciters  are  provided, 
each  in  its  separate  cabinet  and 
driving  its  own  pair  of  shakers. 
The  block  diagram  in  Fig.  1  shows 
interrelationships  of  the  two  cabi¬ 
nets.  If  only  one  pair  of  shakers  is 
required  one  cabinet  and  the  phase 
shifter  are  disconnected,  and  the 
audio  oscillator  is  fed  directly  into 
the  other  cabinet.  The  unused 


FIG.  1 — Block  diagram  of  complete  ribration  exciter  equipment  for  driring  two  pain 

oi  shakers 
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FIG.  2 — Circuit  of  carrier-type  power  amplifier  used  for  driying  one  pair  of  shakers 


units  serve  as  standby  sets,  a  desir¬ 
able  feature  since  interruption  of 
tests  on  a  large  airplane  is  quite  ex¬ 
pensive. 

Operation  of  Exciter 

Consider  first  the  simplest  setup 
whereby  the  audio  oscillator  is 
feeding  directly  into  the  balanced 
modulator  of  cabinet  A  in  Fig.  1 
and  cabinet  B  is  unused.  To  achieve 
satisfactory  amplifier  performance 
from  600  cycles  down  to  zero  fre¬ 
quency,  a  carrier  system  is  em¬ 
ployed  and  the  class  B  output  stage 
is  of  the  cascade  type.  No  output 
transformer  is  used. 

The  low-frequency  signal  from 
the  2  to  600-cycle  oscillator  (or 
from  a  still  lower  frequency  motor- 
driven  sine-wave  generator)  and  a 
6,000-cycle  signal  from  the  carrier 
oscillator  are  directly  impressed  on 
a  novel  degenerative  type  balanced 
modulator  which  will  function  to 
zero  signal  frequency  and  is  ex¬ 
tremely  stable  in  operation.  The 
modulator  suppresses  the  6,000- 
cycle  carrier  and  creates  sum  and 
difference  components  in  the  out¬ 
put.  The  low-frequency  signal  (2 
to  600  cycles)  is  also  in  the  output, 
but  is  eliminated  by  a  4,000  to 
6,000-cycle  bandpass  filter.  The  re¬ 
sulting  desired  sideband  compon¬ 
ents  are  amplified  in  the  sideband 
amplifier.  The  output  from  the  car¬ 
rier  oscillator  is  separately  ampli¬ 
fied  in  another  identincal  amplifier. 


The  amplified  outputs  appear  in 
transformers  which  have  dual  out¬ 
put  windings.  At  this  point  the 
sidebands  are  recombined  with  the 
carrier  so  normal  modulated  envel¬ 
opes  are  produced.  A  phase  correc¬ 
tion  network  (not  shown  on  the 
block  diagram)  located  between  the 
carrier  oscillator  and  the  balanced 
modulator  provides  for  proper 
phase  between  the  carrier  and  side¬ 
bands  when  recombined. 

The  dual  output  windings  feed 
separate  demodulators  180  degrees 
out  of  phase,  so  that  the  demodu¬ 
lator  output  signals  are  suitable  for 
driving  the  grids  of  the  class  B  out¬ 
put  tubes  which  drive  the  shakers. 

Exciter  Circeit 

The  complete  circuit  for  driving 
one  pair  of  shakers  (housed  in  one 
cabinet)  is  given  in  Fig.  2.  In  ad¬ 
dition  to  the  low-frequency  signals, 
the  outputs  of  the  demodulators 
contain  a  d-c  voltage  due  to  the  car¬ 
rier.  This  voltage  would  continu¬ 
ously  bias  the  grids  of  the  output 
tubes  if  it  were  not  balanced  out 
by  an  opposite  bias  voltage.  Unique 
degenerative  bias  networks  serve 
this  purpose  and  also  function  as 
sources  of  d-c  bias  voltage  which 
remain  constant  regardless  of  grid 
current  flow  through  them. 

The  grids  of  class  B  tubes  draw 
considerable  current  when  the  im¬ 
pressed  signal  is  positive.  Such 
current  flow  tends  to  increase  the 


FIG.  3 — Circuit  of  phase  shifter  used  be¬ 
tween  a  common  a-f  oscillator  and  two 
power  amplifiers  when  it  is  desired  to 
drixe  two  pairs  of  shakers  in  Torious 
phase  relationships  ranging  from  sero  to 
360  degrees 

voltage  across  a  bias  network  but 
the  action  of  the  degenerative  net¬ 
work  is  to  maintain  the  bias  at  a 
nearly  constant  value.  Because  of 
this  grid  current  flow,  the  output 
impedance  of  the  demodulators 
must  be  quite  low  and  have  good 
regulation.  The  low  impedance  is 
obtained  by  employing  for  the  de¬ 
modulators  a  bridge  circuit  using 
type  884  rectiflers  and  by  having 
considerable  negative  feedback  in 
the  sideband  and  carrier  amplifiers. 

Power  Sapply  Clrcnlts 

The  design  of  the  power  supplies 
is  more  or  less  conventional.  Three- 
phase  46()-volt  power  is  employed 
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because  the  rectified  output  from 
the  power  supplies  is  then  simple  to 
filter  and  gives  good  regulation  as 
required  for  low-frequency  ampli¬ 
fier  operation.  The  positive  and 
negative  high-voltage  supplies  for 
the  type  805  output  tubes  are  ob¬ 
tained  from  two  Y-connected  three- 
phase  half-wave  rectifier  circuits 
employing  a  total  of  six  type  866A 
tubes.  In  extremely  low-frequency 
amplifier  operation,  the  instanta¬ 
neous  peak  plate  current  of  the  out¬ 
put  tubes  (750  milliamperes)  be¬ 
comes  substantially  a  static  current 
and  the  high-voltage  power  supply 
is  designed  to  supply  this  peak  cur¬ 
rent  continuously. 

The  low-voltage  power  supply 
employs  a  three-phase  half-wave 
circuit  using  three  type  866A  rec¬ 
tifier  tubes.  Its  output  is  filtered 
and  fed  to  an  electronic  voltage  reg¬ 
ulator  which  in  turn  supplies  plate 
voltage  to  all  vacuum  tubes  other 
than  the  type  805  output  tubes. 


constant  despite  changes  in  field 
coil  resistance  during  heating. 

A  resonant  type  constant-voltage 
transformer  connected  to  one  phase 
of  the  three-phase  460-volt  power 
line  supplies  regulated  115-volt  a-c 
power  for  the  2  to  500-cycle  oscil¬ 
lator.  This  oscillator  has  a  feed¬ 
back  circuit  with  a  very  low  time 
constant  and  sudden  variations  in 
line  voltage  would  cause  low-fre¬ 
quency  transients. 


changed  from  zero  to  very  nearly 
180  degrees.  Thus,  the  output  of 
each  cathode  follower  supplies  a 
voltage  whose  phase  may  be  con¬ 
tinuously  shifted  by  means  of  a 
variable  resistance. 


Signal  Distributor 


Phase-Shifter 


Current  Regulators 


The  rectified  and  filtered  output 
of  the  low-voltage  power  supply  is 
also  fed  to  two  electronic  current 
regulators  which  supply  all  neces¬ 
sary  field  current  to  the  shaker 
units.  Each  current  regulator  com¬ 
prises  three  type  807  tubes  con¬ 
nected  as  pentodes  and  used  as  con¬ 
stant-current  devices  to  supply  a 
controllable  field  current  to  its 
shaker  units  and  hold  the  current 


For  dual  operation  with  cabinet 
A  and  cabinet  B,  the  setup  is  as 
shown  in  Fig.  1.  Each  phase-shift¬ 
ing  network  in  the  phase  shifter 
employs  a  dual-triode  vacuum  tube 
connected  as  in  Fig.  3.  The  first 
section  serves  as  a  phase  inverter 
to  obtain  equal  voltages  with  re¬ 
spect  to  ground  which  are  180 
degrees  out  of  phase.  Across  the 
output  terminals  of  the  phase  in¬ 
verter  is  a  series-connected  RC  net¬ 
work  whose  junction  point  goes  to 
the  grid  of  the  second  section  of  the 
dual  triode,  which  is  connected  as 
a  cathode  follower. 

The  phase-shifted  voltage  at  the 
grid  of  the  cathode  follower  is  the 
vector  sum  of  two  voltages  whose 
magnitude  and  angle  both  change 
as  the  variable  resistance  of  the  RC 
network  is  changed.  The  magni¬ 
tude  of  the  resultant  of  these  two 
voltages  remains  constant  in  am¬ 
plitude  while  the  phase  angle  is 


The  signal  distributor  used  be¬ 
tween  the  phase  shifter  and  the  a-f 
oscillator  provides  for  continuously 
varying  the  amplitude  relation¬ 
ships  of  the  forces  exerted  by  the 
pairs  of  shaker  units.  With  this 
control  one  pair  of  shakers  can  be 
caused  to  produce  a  low  driving 
force  while  the  other  pair  is  pro¬ 
ducing  a  high  driving  force,  and 
vice  versa,  or  an  equal  driving 
force  can  be  had  from  both  pairs 
of  shakers.  Overall  control  of  the 
forces  is  provided  by  a  master  con¬ 
trol  on  the  2  to  500-cycle  oscillator. 

The  variable  resistances  of  the 
two  phase-shifting  networks  are 
ganged  to  provide  concurrent  ad¬ 
justment,  advancing  the  phase  in 
one  output  while  retarding  the 
phase  ■  of  the  other.  The  phase 
relationship  can  be  adjusted  from 
0  to  nearly  360  degrees  in  this 


manner. 


Phase  Indicator 


The  phase  indicator  (used  only 
for  dual  operation)  indicates  phase 
differences  of  from  0  to  360  degrees 
on  a  calibrated  linear  scale,  with 
the  180-degree  point  occurring 
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exactly  at  midscale.  Continuous 
indication  of  phase  is  obtained, 
substantially  independent  of  fre¬ 
quency  over  the  range  of  from  2 
to  500  cycles  and  very  nearly  inde¬ 
pendent  of  the  amplitude  relation¬ 
ship  of  the  signals  being  compared 
for  phase. 

The  circuit  of  the  phase  indica¬ 
tor  appears  in  Fig.  4.  In  operation, 
a  constant  amplitude  of  current 
flows  through  the  indicating  meter 
for  a  time  period  determined  by 
the  crest  point  of  the  negative  half¬ 
cycle  of  one  signal  and  the  corres¬ 
ponding  point  on  the  other  signal. 
No  current  flows  through  the 
meter  until  the  starting  point  of 
the  first-mentioned  signal  again 
occurs.  The  repetition  rate  of  cur¬ 
rent  flow  through  the  meter  is 
determined  by  the  frequency  of  the 
signals  being  compared.  These  on 
and  off  periods  of  current  flow  are 
primarily  a  function  of  the  phase 
difference  of  the  signals  being  com¬ 
pared.  The  ratio  of  these  periods 
is  independent  of  frequency.  The 
deflection  of  the  pointer  of  the  in¬ 
dicating  meter  is  directly  propor¬ 
tional  to  the  ratio  of  the  on-off 
periods  of  current  flow.  Because 
of  this,  a  linear  phase  indication 
is  obtained. 

A  flip-flop  or  trigger  circuit  pro¬ 
vides  the  on-off  periods  of  current 
flow.  Each  side  of  this  circuit  is 
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FIG.  4 — Circiiit  used  to  indicate  phase  relationship  between  two  a-i  Toltaqea 


two  signals  being  compared  for 
phase. 
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separately  triggered  by  a  spike  or 
pip  obtained  from  a  differentiation 
network  fed  by  a  two-stage  limiter 
amplifier.  The  two  limiter  ampli¬ 
fiers  resolve  each  of  the  impressed 
sine  waves  to  square  waves  and 
the  differentiation  networks  pro¬ 
duce  spikes  determined  by  the  slope 
of  the  sides  of  the  square  waves. 
Only  the  negative  spikes  trigger 
the  flip-flop  circuit.  Signals  above 
the  threshold  operating  point  of  the 
two-stage  limiters  do  not  increase 
the  amplitude  of  the  square  waves 
produced.  Therefore,  the  phase 
indication  obtained  is  independent 
of  the  amplitude  relationship  of  the 
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Punch  Press  Protector 


IN  MANUFACTURING  cylindrical 
steel  cases  for  a  special  applica¬ 
tion  it  is  necessary  to  punch  a  num¬ 
ber  of  holes  all  around  the  sidewall. 
This  is  accomplished  by  clamping 
each  case  in  an  automatic  indexing 
fixture  that  is  installed  in  a  regular 
punch  press.  Each  stroke  of  the 
press  punches  out  Ifi  holes  in  the 
side  of  the  case.  The  fixture  is  then 
automatically  indexed  and  the  op¬ 
eration  repeated.  This  continues 
until  the  case  has  made  one  com¬ 
plete  revolution.  The  small  round 
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slugs  that  are  punched  out  fall  into 
the  hollow  die  and  are  blown  out 
with  compressed  air. 

In  manufacturing  the  cylinders 
it  soon  became  apparent  that  a 
problem  existed  in  eliminating  the 
small  steel  slugs  from  the  hollow 
die  once  they  had  been  punched  out. 
The  exit  hole  in  the  die  was  of  ne¬ 


cessity  rather  small  and  the  slugs, 
instead  of  ejecting  when  the  com¬ 
pressed  air  was  turned  on,  tended 
to  jam  in  the  die.  After  about  seven 
strokes  of  the  press,  the  die  would 
be  completely  filled  and  then  the 
punches  or  the  die  or  both  would 
be  damaged.  This  failure  resulted 
in  needless  lost  time  and  repairs. 
Also,  though  on  less  frequent  occa¬ 
sions,  the  compressed  air  supply 
failed,  resulting  in  damage  to  the 
equipment.  The  solution  depended, 
then,  on  devising  some  means  of 


stopping  the  punch  press  in  the 
event  that  the  slugs  were  not  pro¬ 
perly  ejected  for  any  reason. 

Varioble'lndaetance  Seasor 

First  of  all  some  sort  of  sensing 
unit  had  to  be  devised  that  would 
respond  to  the  presence  of  the  slugs 
as  they  were  being  ejected.  It  was 
also  advisable  that  this  sensing  unit 
be  sensitive  to  the  number  of  slugs 
present.  This  ability  was  necessary 
since  it  was  discovered  that  occa¬ 
sionally  a  few  pieces  stuck  in  the 
die  after  each  stroke  of  the  press 
and  slowly  built  up  an  obstruction. 

It  was  decided  to  make  use  of  the 
magnetic  properties  of  the  slugs, 
whereupon  the  coil  and  funnel  ar¬ 
rangement  in  Fig.  1  was  devised. 
This  unit  was  attached  to  the  press 
in  such  a  manner  that  slugs  pass 
into  the  funnel  and  through  the 
coil  as  they  are  ejected  from  the  die. 
Another  coil,  identical  with  the  first, 
was  mounted  about  6  inches  from 
the  press  near  the  first  coil.  These 
coils,  marked  Li  and  L,  in  the  wir¬ 
ing  diagram  of  Fig.  2  form  the  two 
reactance  arms  of  a  simple  bridge 
circuit.  A  fixed  resistance  and  a 
series  fixed  and  variable  resistance 
combination  make  up  the  other 
two  arms  of  the  bridge.  The 
variable  resistance  in  one  arm 
is  used  to  balance  the  bridge 
circuit.  Now,  with  the  primary 
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tube.  Punchings  are  blown  through  this 
channel 

of  transformer  T,  energized  and 
the  bridge  balanced,  the  pres¬ 
ence  of  steel  in  the  sensing  coil 
causes  a  change  in  the  inductance 
of  this  coil  and  so  unbalances  the 
bridge.  This  unbalance  voltage  ap¬ 
pears  across  the  primary  of  trans¬ 
former  T*. 

The  coil  and  bridge  arrangement 
satisfied  the  original  requirement 
that  the  presence  of  the  slugs  be 
detected.  However,  the  output  of 
the  bridge  circuit  at  maximum  un¬ 
balance  was  still  rather  small  so  it 
was  necessary  to  amplify  this  volt¬ 
age.  It  was  done  by  the  use  of  a 
conventional  two  stage  amplifier  us¬ 
ing  a  6SJ7,  pentode  connected,  and 
a  6C5.  Since  this  amplifier  must 
amplify  the  line  frequency  (60 
cycles),  0.1  microfarad  coupling 
capacitors  have  been  used  and  the 
plate  circuit  of  each  tube  is  by¬ 


passed  to  ground  to  prevent  any 
high  frequency  feedback  or  regen¬ 
eration  that  might  be  introduced. 
A  test  jack  is  provided  in  the  plate 
circuit  of  the  6C5  so  that  an  a-c 
voltmeter  can  be  inserted  when  it  is 
desired  to  balance  the  bridge. 

Since  compressed  air  is  used  to 
blow  the  metal  slugs  from  the  die, 
they  pass  through  the  sensing  coil 
at  a  relatively  high  velocity.  The 
bridge  is  only  unbalanced  for  a 
fraction  of  a  second  so  that  an  or¬ 
dinary  relay  can  not  be  made  to 
operate  satisfactorily  on  the  ampli¬ 
fied  voltage.  The  relay  is  therefore 
connected  in  the  plate  circuit  of  a 
2051  gas  tetrode.  In  this  type  of 
tube  when  the  plate  is  positive  the 
tube  will  fire  once  the  negative  grid 
voltage  is  reduced  to  a  critical 
value.  When  the  tube  fires  the  gas 
ionizes  and  the  g^rid  no  longer  has 
any  control  over  the  flow  of  plate 
current.  Thus  the  amplified  signal 
from  Ta  is  applied  to  the  grid  cir¬ 
cuit  of  the  2051.  When  the  instan¬ 
taneous  grid  potential  is  reduced 
to  the  critical  value  the  tube  fires 
and  relay  K,  is  energized.*  Switch 
MSt  is  opened  by  the  punch-press 
cycle  and  the  unit  is  again  ready  to 
detect  the  presence  of  the  metal 
slugs  in  the  sensing  coil. 

It  is  necessary  that  the  press  be 
shut  down  if  the  die  is  not  cleared 
after  about  three  strokes.  This  is 


BRIDGE  CIRCUIT  AMPLIFIER  RELAY  CIRCUIT 


FIG.  2 — %nplifi*d  schematic  wiring  diagram  oi  the  press-stopping  circuit.  Power  supply,  fuses,  and  no-ToItage  protec¬ 
tion  elements  hare  been  omitted  for  clarity 
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accomplished  by  the  use  of  an  elec¬ 
tronic  timer.  The  time  delay  is  set 
for  about  4  seconds  (three  strokes 
of  the  press)  determined  by 
the  4-microfarad  capacitor  and 
the  250,000-ohm  resistor.  When  the 
plate  and  cathode  circuits  of 
the  type  6V6  tube  are  disconnected 
through  relay  Ka  the  cathode  is 
connected  to  the  hot  side  of  the 
115- volt  line  through  the  10,000- 
ohm  resistor.  The  capacitor  and  re¬ 
sistor  combination  connect  from 
the  control  grid  to  the  ground  side 
of  the  line.  The  capacitor  now 
charges  because  the  grid  and  cath¬ 
ode  constitute  a  half-wave  rectifier. 
The  charge  leaves  the  grid  negative 
with  respect  to  ground.  When  relay 
Ki  is  energized  the  plate  and  cath¬ 
ode  circuits  are  connected  normally. 
No  current  flows  through  K%  in  the 
plate  circuit  of  the  6V6  tube  be¬ 
cause  of  the  negative  voltage  on  the 
grid.  The  250,000-ohm  resistor  dis¬ 
charges  the  capacitor  so  that  the 
grid  bias  is  decreased  and  plate  cur¬ 
rent  rises  sufficiently  to  cause  the 
relay  to  pull  in.  This  relay  remains 
energized  until  the  plate  and  cath¬ 
ode  circuits  are  again  broken. 

Sequence  of  Operations 

Now  that  the  various  components 
of  the  press  protector  have  been 
described,  their  operation  as  a 
whole  can  be  considered.  The  cycle 
of  the  punch  press  begins  with  the 
punch  at  the  top  of  its  stroke  and 
the  steel  cylinder  clamped  in  posi¬ 
tion  over  the  die.  As  the  punch 
starts  down,  a  switch  operates  the 
solenoid  valve  that  controls  the  flow 
of  compressed  air  into  the  die.  This 
blast  blows  out  the  steel  slugs  left 
in  the  die  from  the  previous  cycle. 
The  slugs  pass  through  the  sensing 
coil,  and  cause  relay  Kx  to  become 
energized. 

As  the  punch  reaches  the  bottom 
of  the  stroke  the  compressed  air ‘is 
turned  off.  At  the  same  time,  MS, 
is  closed  momentarily.  A  contact  on 
relay  Kx  in  series  with  this  switch 
completes  the  circuit  through  the 
coil  of  relayAs  unless  the  contacts 
of  Kx  are  opened  by  the  action  of 
the  emerging  slugs.  If  relay  A,  op¬ 
erates  it  will  close  the  plate  and 


cathode  circuits  of  the  electronic 
timer  that  will  then  start  through 
its  cycle.  In  other  words,  as  long 
as  the  slugs  are  ejected  from  the 
die,  relay  A,  will  become  energized 
and  prevent  the  timer  from  start¬ 
ing.  In  the  event  that  relay  A,  does 
not  become  energized  during  three 
strokes  of  the  press,  the  timer  will 
complete  its  cycle  and  operate  A„ 
opening  the  contacts  that  stop  the 
press. 

As  the  punch  reaches  the  top  of 


FIG.  3 — Complete  control  unit  is  mounted 
in  a  cabinet  on  a  hinged  panel.  The  three 
replaceable  chassis  from  top  to  bottonl  in¬ 
clude:  bridge  circuit  and  amplifier,  control 
sequence  relays  and  timer,  and  power 
supply 

its  stroke  switch  MS,  is  actuated, 
causing  the  plate  circuit  of  the  2051 
to  be  broken.  This  mechanical  op¬ 
eration  is  necessary  because  once 
plate  current  starts  to  flow  the  grid 
loses  control  and  relay  A,  remains 
continuously  energized. 

Functionally,  although  it  sounds 
complex,  the  entire  unit  is  actually 
made  up  of  only  two  basic  parts; 
the  amplifier  that  actuates  a  relay 
each  time  the  steel  slugs  pass 
through  the  coil ;  and  the  electronic 
timer  that  is  reset  each  time  the  re¬ 


lay  is  actuated.  Such  a  system  is 
adaptable  to  a  number  of  similar 
applications  and  in  some  instances  a 
simple  snap-action  switch  can  be  the 
detecting  or  sensing  device.  This 
method  could  be  used  when  rela¬ 
tively  large  articles  were  being* 
turned  out  by  a  high-speed  punch 
press  or  similar  machine. 

Practical  Arrangement  of  Equipment 

The  mechanical  construction  of 
any  piece  of  electronic  equipment 
must  receive  prime  consideration 
if  it  is  to  be  used  in  an  industrial 
plant.  There  is  usually  severe  vi¬ 
bration  in  the  vicinity  of  heavy  ma¬ 
chinery,  especially  a  punch  press  of 
any  size.  This  motion  usually  takes 
the  form  of  sudden  jolts. 

Attaching  the  equipment  directly 
to  the  machinery  should  be  avoided 
if  vibrations  will  affect  its  per¬ 
formance  or  reliability.  The  assem¬ 
bly  of  the  press  protector  is  shown 
in  Fig.  3.  From  bottom  to  top, 
the  power  supply  is  mounted  on  the 
first  chassis,  the  relays  and  the 
timer  on  the  second,  and  the  ampli¬ 
fier  on  the  third.  These  chassis  are 
mounted  on  a  front  panel  that 
swings  outward  from  the  cabinet 
which  houses  the  entire  unit  for 
ease  in  servicing  and  making  ad¬ 
justments.  The  chassis  are  con¬ 
nected  together  with  cables  and 
plugs.  Any  one  of  the  three  chassis 
can  be  quickly  and  easily  replaced 
if  it  becomes  defective.  A  cable 
that  plugs  into  the  power  supply 
chassis  is  wired  to  a  terminal  board 
attached  to  the  inside  of  the  cabi¬ 
net.  The  entire  unit  can  thus  be  re¬ 
moved  without  disturbing  the  elec¬ 
trical  connections  to  the  terminal 
board.  All  electrical  circuits  are 
of  course  properly  fused.  A  relay 
(not  shown  in  Fig.  2)  is  connected 
so  that  if  the  power  to  the  unit  is 
disconnected  or  a  fuse  blows,  the 
press  is  immediately  shut  off.  A 
switch  (Si)  is  also  provided  so  that 
when  it  is  closed  the  press  pro¬ 
tector  has  no  effect  on  the  operation 
of  the  press.  This  is  necessary  so 
that  the  die  setters  can  make  ad¬ 
justments  on  the  press  without  hav¬ 
ing  it  shut  off  because  ho  steel  slugs 
are  being  ejected. 
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Cascade  Phase  Shift 


Simple  new  modulator  circuit  for  f-m  transmitters  is  easy  to  adjust  and  maintain,  requires 
.only  standard  tubes,  and  has  minimum  inherent  amplitude  modulation.  Adding  phase 
shifts  of  six  crystal  frequency  stages  permits  low  order  of  frequency  multiplication 


IT  is  fairly  evident  that  the  direct 
crystal  control  which  is  charac¬ 
teristic  of  phase  modulators  offers  a 
more  reliable  and  straightforward 
circuit  than  systems  using  center- 
frequency  correction,  especially 
with  the  aid  of  a  new  simple  phase 
modulator  which  has  the  necessary 
low  distortiorr  and  low  noise  level. 

The  development  of  such  a  new 
modulator,  closely  approaching  the 
ideal,  has  resulted  from  an  exhaus¬ 
tive  theoretical  and  experimental 
investigation  of  a  large  variety  of 
phase  shift  modulators.  This  new 
modulator,  known  as  the  cascade 
phase  shift  modulator,  allows  the 
use  of  a  relatively  low  order  of  fre¬ 
quency  multiplication  by  adding 
the  phase  shift  of  a  number  of 
stages  operating  at  the  crystal  fre¬ 
quency.  The  basic  phase  shift  cir¬ 
cuit  accomplishes  the  task  of  mod- 
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ulation  with  a  minimum  of  inherent 
amplitude  modulation.  Figure  1  is 
a  simplified  block  diagram  of  the 
complete  system. 

Characteristics  of  Phase  Shift 
Modulators 

This  paper  will  give  a  brief  gen¬ 
eral  review  of  phase  shift  modu¬ 
lators,  showing  the  relationship  be¬ 
tween  phase  and  frequency  modula¬ 
tion,  then  develop  the  theory  of  the 
new  modulator  and  give  perfor¬ 
mance  data. 

When  the  phase  of  a  carrier  wave 
of  constant  frequency  is  advanced 
or  retarded,  the  instantaneous  fre¬ 
quency  of  the  carrier  also  changes ; 


the  frequency  deviation  is  propor¬ 
tional  to  the  rate  of  change  of 
phase.’  The  operation  of  all  phase 
modulators  depends  on  this  impor¬ 
tant  relationship,  which  may  be 
visualized  by  considering  a  sinu¬ 
soidal  voltage  of  constant  fre¬ 
quency.  If  the  phase  of  this  wave  is 
advanced,  say  by  90  degrees, 
through  insertion  of  a  suitable 
phase  shifting  device,  it  can  b<*  seen 
that  during  the  time  taken  for  the 
phase  to  change  to  the  new  ad¬ 
vanced  value,  the  wave  actually  has 
to  move  faster  than  it  would  have 
moved  if  no  change  had  taken  place. 
Therefore,  while  the  phase  is 
changing,  the  effect  is  the  same  as 
if  the  frequency  were  higher.  In 
a  like  manner,  delaying  the  phase 
results  in  a  lower  frequency  while 
the  change  is  taking  place.  As  soon 
as  the  shift  in  phase  is  stopped,  the 
wave  continues  on  at  the  original 
frequency. 

From  this,  it  follows  that  the 
more  rapidly  the  phase  is  shifted, 
the  greater  will  be  the  resulting 
frequency  deviation.  Thus,  if  the 
phase  of  an  r-f  signal  is  shifted  by 
plus  and  minus  90  degrees  at  a 
sinusoidal  audio-frequency  rate  of 
100  cycles,  the  frequency  would 
deviate  (in  accord  with  a  cosine 


FIG.  1 — Block  diagram  of  i-m  transmitter 
using  cascade  phase  shift  modulotor 


FIG.  2 — ^Block  diagram  showing  individual 
stages  of  cascade  phase  shift  modulator. 
A  maximum  phase  shift  per  stage  of  plus 
or  minus  23.9  degrees  is  required  for  a 
30-cycle  signal  at  full  frequency  deviation 
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function)  157  cycles  above  and  be¬ 
low  the  original  frequency;  if  the 
audio  frequency  rate  of  phase  shift 
is  now  increased  tenfold  to  1,000 
cycles,  the  frequency  deviation  will 
likewise  be  increased  ten  times  to 
give  1,570  cycles  deviation.  The 
frequency  deviation  in  cycles, 
therefore,  can  be  seen  to  equal  the 
product  of  the  audio  frequency 
(also  in  cycles)  and  the  phase  shift 
in  degrees,  divided  by  a  constant 
(the  number  of  degrees  per  ra¬ 
dian). 

Inverse  Frequency  Network 

Inasmuch  as  the  frequency  devi¬ 
ation  must  be  held  constant  at  75,- 
000  cycles  for  100-percent  modu¬ 
lation,  regardless  of  the  modulating 
frequency,  the  number  of  degrees 
phase  shift  must  be  varied  in¬ 
versely  with  the  modulating  audio 
frequency.  This  effect  is  readily 
accomplished  by  use  of  an  inte¬ 
grating  circuit  (also  known  as  an 
inverse  frequency  network),  con¬ 
sisting  of  a  series  resistance  and  a 
shunt  capacitance,  usually  placed 
between  the  source  of  modulating 
signal  and  the  phase  modulator. 
The  higher  modulation  frequencies 
are  thus  attenuated  in  precisely  the 
desired  manner  for  true  frequency 
modulation. 

The  phase  shift  obtainable  with 
low  distortion  from  conventional 
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phase  modulator  circuits  rarely  ex¬ 
ceeds  25  degrees.  The  resulting 
frequency  deviation  for  a  30-cycle 
modulating  signal  may  be  readily 
calculated  to  be  equal  to  13.1  cycles. 
Since  this  small  deviation  falls  far 
short  of  the  required  75,000  cycles, 
it  becomes  necessary  to  multiply 
the  original  frequency  deviation  by 
a  factor  M  approximately  equal  to 
6,000  in  order  to  attain  the  re¬ 
quired  final  frequency  deviation. 
The  well-known  fact  that  multipli¬ 
cation  of  frequency  produces  a  like 
multiplication  of  frequency  devia¬ 
tion  is  used  for  this  purpose  to 
good  advantage  in  practically  all 
phase  modulators. 

There  is  a  good  practical  reason, 
however,  for  keeping  M  not  much 
over  1,000.  Assuming  the  lowest 
usable  crystal  frequency  as  75  kc 
(5  times  the  highest  audio  fre¬ 
quency)  and  an  operating  fre¬ 
quency  of  100  me,  a  factor  M  equal 
to  1,333  is  obtained.  To  attain 
higher  multiplication  factors  than 
this,  it  is  necessary  to  resort  to  the 
use  of  heterodyne  frequency  con¬ 
verters. 

Frequency  Converters 

In  general,  frequency  converters 
are  undesirable  because  the  spuri¬ 
ous  beat  frequencies  present  in 
their  output  circuits  must  be  care¬ 
fully  discriminated  against  by 


Cascade  phase  shiit  modulator  (second 
panel  from  bottom,  outlined)  instolled  in 
250-watt  i-m  broadcast  transmitter 


means  of  tuned  circuits  and  ade¬ 
quate  shielding.  In  addition,  there 
is  the  possible  production  of  addi¬ 
tional  spurious  beats  caused  by 
voltages  from  the  low-frequency 
stages  entering  one  or  more  of  the 
broad  pass  bands  of  the  stages  fol¬ 
lowing  the  converter.  Hence,  if  M 
can  be  reduced  to  approximately 
1,300  or  less,  the  above  difficulties 
will  not  materialize. 

Addition  of  Fhoso  Skiftt 

Large  values  of  M  are  a  direct 
consequence  of  the  limited  phase 
shift  of  which  conventional  modu¬ 
lators  are  capable.  It  is  possible, 
however,  to  increase  the  useful 
phase  shift  of  a  modulator  substan¬ 
tially  by  adding  the  individual 
phase  shifts  of  two  or  more  stages 
connected  in  cascade.  The  block 
diagram  of  Fig.  2  illustrates  the 
manner  of  connecting  the  phase 
shift  stages  in  cascade  for  the 
transfer  of  r-f  energ>’,  but  in  paral¬ 
lel  as  far  as  the  a-f  signal  is  con¬ 
cerned.  The  progressive  increase 
of  frequency  deviation  from  stage 
to  stage  is  also  given  for  S,  the 
number  of  cascaded  stages,  equal  to 
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Back  view  of  cascade  phase  shiit  modulator  for  2S0-watt  f-m  transmitter 


TO  GRID  OF  SUCCEEDING 
MODULATOR  STAGE 


EQUIVALENT  CIRCUIT 


6,  and  for  a  maximum  phase  shift 
per  stage  of  23.9  degrees  (required  * 
for  a  80-cycle  a-f  signal  at  full  devi¬ 
ation).  It  should  be  noted  that  if 
only  the  first  stage  were  used 
(JV  =  1),  the  conventional  modu¬ 
lator  would  result  for  which  M 
must  be  6,000  (75,000  cycles/12.6 
cycles) ;  if  all  six  stages  are  used 
(N  =  6),  M  is  reduced  to  1,000 
(76,060  cycles/76  cycles) — the  lat¬ 
ter  condition  obviating  the  need  for 
a  frequency  converter. 

From  the  preceding  discussion  it 
follows  that  N  may  be  considered 
as  effective  as  M  in  producing  the 
final  frequency  deviation.  This  re¬ 
lationship  may  be  stated  as  follows : 
The  frequency  deviation  at  the  op¬ 
erating  frequency  in  cycles  is  equal 
to  the  product  of  the  audio  fre¬ 
quency  in  cycles,  the  phase  shift 
per  modulator  stage  in  degrees,  the 
factor  M,  and  the  factor  N,  divided 
by  the  number  of  degrees  per  ra¬ 
dian  (57.3) . 

There  is  yet  another  advantage 
which  comes  from  keeping  M  rela¬ 
tively  low.  When  an  unmodulated 
r-f  signal  is  passed  through  a 
vacuum  tube  amplifier,  it  becomes 
modulated  by  the  random  noise 
voltages  which  are  ever  present; 
one  portion  produces  amplitude 
modulation  of  the  r-f  signal  and 
the  other  produces  irregular  fluctu¬ 
ations  in  its  phase. 

The  amplitude  modulation  is 
readily  removed  by  the  limiting  ac¬ 
tion  of  subsequent  multiplier 


FIG.  4  (above) — Constant-impedance  net¬ 
work  and  corresponding  vector  diagram 


FIG.  3  (left) — Basic  phase  shift  stage  oper¬ 
ating  at  crystal  frequency,  and  equivalent 
circuit 


stages,  but  the  irregular  fluctua¬ 
tions  in  the  phase  of  the  signal 
represent  a  noise  modulation.  The 
frequency  deviation  corresponding 
to  these  fluctuations  increases  for 
the  higher  audio  frequencies  be¬ 
cause  there  is  no  inverse  frequency 
network  to  attenuate  them.  The 
magnitude  of  the  resulting  phase 
shift  of  the  r-f  wave  due  to  the 
noise  may  be  shown*  to  be  approxi¬ 
mately  equal  to  57.3  times  the  value 
of  noise  voltage  divided  by  the  sig¬ 
nal  voltage.  Hence,  assuming  a 
noise  of  10  microvolts  and  a  signal 
of  10  volts,  the  phase  shift  would  be 
approximately  0.0000573  degrees. 

For  N  =  1  and  M  =  6,000,  ap¬ 
proximately  0.05  degree  phase  shift 
is  required  at  16,000  cycles  to  pro¬ 
duce  100  percent  modulation.  The 
ratio,  then,  of  the  phase  shift  for 
100  percent  modulation  to  the  noise 
phase  shift,  expressed  in  db,  should 
give  the  f-m  noise  level  at  the  out¬ 
put  fre^quency.  For  the  above  case 
(M  =  6,000)  the  noise  level  is 
58.8  db  below  100  percent  modula¬ 
tion.  Performing  the  same  calcu¬ 
lation  for  M  =  1,000  and  N  =  1, 
the  phase  shift  required  is  0.3  de¬ 
gree,  and  the  noise  level  for  this 
source  of  noise  becomes  74.4  db 
below  100  percent  modulation. 

Cascading  of  Stages 

The  foregoing  calculations  con¬ 
sidered  the  case  of  an  unmodulated 
r-f  signal  for  N  =  1.  The  effect  on 
the  noise  level  of  adding  N  modu¬ 


lator  stages  in  cascade  will  now  be 
taken  up.  As  previously  mentioned, 
the  phase  shift  appearing  at  the 
modulator  output  terminals  is  equal 
to  the  sum  of  the  phase  shifts  pro¬ 
duced  in  the  individual  stages.  But 
the  random  nature  of  fluctuation 
noise  produced  in  each  modulator 
stage  makes  it  necessary  to  take  the 
rms  sum  of  these  voltages  in  order 
to  find  the  resultant  noise  voltage 
at  the  modulator  output  terminals. 
Therefore,  N  modulator  stages  will 
add  times  the  noise  of  one  stage. 
If  four  stages  are  cascaded,  there 
will  be  a  fourfold  increase  in  phase 
shift,  but  only  a  twofold  increase  in 
the  noise  of  the  system.  In  actual 
practice,  noise  is  also  produced  in 
other  parts  of  the  transmitter,  so 
that  the  relative  contribution  of 
the  modulator  section  to  the  total 
noise  is  even  smaller. 

In  order  to  minimize  harmonic 
distortion  under  certain  conditions 
of  modulation,  it  is  desirable  to  use 
a  modulator  circuit  in  which  the 
percentage  of  amplitude  modulation 
produced  concurrently  with  phase 
modulation  is  very  small.  This  dis¬ 
tortion  becomes  a  maximum  when 
the  percentage  of  phase  modula¬ 
tion  is  such  as  to  produce  only  the 
first  pair  of  sidebands.*  The  effect 
in  this  case  consists  of  a  change  in 
the  relative  magnitudes  of  the  side¬ 
band,  and  any  subsequent  limiting 
action  which  may  remove  the  am¬ 
plitude  variation  will  still  be  power¬ 
less  to  restore  the  relationship  be¬ 
tween  the  carrier  and  sidebands 
necessary  for  low  distortion. 
Therefore,  a  further  requirement 
for  the  design  of  the  modulator  is 
that  any  amplitude  modulation  pro¬ 
duced  along  with  the  desired  phase 
modulation  be  kept  at  a  minimum. 

Theory  of  Cascade  Phase  Shift 
Modiilator 

The  basic  phase  shift  stage  in 
Fig.  3  consists  of  an  amplifier  tube 
Ti  and  its  plate  load  impedance,  the 
two-terminal  network  Z,  connected 
across  terminals  1  and  2.*  Ti  serves 
both  as  an  amplifier  which  isolates 
the  cascaded  phase  shift  stages 
from  one  another  and  as  a  source  of 
constant  current  for  Z,. 

From  the  equivalent  circuit  it 
follows  that  the  phase  of  the  output 
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voltage  e„  must  vary  as  the  phase 
angle  of  Zu  This  is  so  because  the 
load  impedance  is  much  smaller 
than  the  plate  resistance  and 
therefore  can  have  practically  no 
part  in  determining  the  plate  cur¬ 
rent  Tp.  Since  the  product  of 
the  plate  current  and  the  vector 
impedance,  Z,  ZO,  is  equal  to  the 
output  voltage,  any  change  in  phase 
of  this  impedance  must  therefore 
result  in  phase  modulation  of  the 
output  voltage.  It  also  follows  that 
any  change  in  the  magnitude  of  Z, 
will  result  in  amplitude  modulation 
of  the  output  voltage. 

The  two-terminal  network  shown 
in  Fig.  4  may  be  designed  to  main¬ 
tain  a  substantially  constant  im¬ 
pedance  while  phase  modulation  is 
taking  place.  The  general  expres¬ 
sion  for  the  impedance  of  this  net¬ 
work  is* 


(1) 

'•-arc-y 

where 

O  **  X  c/  X  L 

(2) 

b  =  R^/Xc 

r3) 

A  study  of  Eq.  1  will  show 

that 

when  the  quantity  (l/o)— 1  is  set 
equal  to  unity,  the  quantity  under 
the  radical  sign  will  also  be  equal  to 
unity  and  therefore  IZ,|  will  remain 
constant  and  equal  to  X,.  regardless 
of  any  variation  of  h.  This  condition 
occurs  when  a  is  set  equal  to  0.5. 
Substituting  this  solution  in  Eq.  2, 
it  follows  that  |Z,I  will  be  constant 
when 

Xl  =  2Xc  (4) 

This  network  is  used  as  the  plate 
load  of  a  vacuum  tube  whose  plate 
resistance  is  over  100  times  greater 
than  |Zi|,  and  since  the  parallel 
resistance  of  a  coil  with  a  Q  of 
about  30  is  also  of  the  same  high 
order  of  resistance,  the  effect 
of  these  two  quantities  on  the  mag¬ 
nitude  of  Zi  may  be  neglected. 
These  two  quantities,  however,  do 
play  a  minor  part  in  determining 
the  phase  angle  of  the  network. 
Therefore,  the  phase  characteristic 
of  the  network*,  calculated  for  a 
coil  Q  of  30,  is  shown  in  Fig.  5  for 
values  of  a  equal  to  0.4,  0.5  (the 
constant-impedance  solution),  and 
0.6. 


A  mental  picture  of  the  phase 
shift  action  to  which  the  output 
voltage  in  this  circuit  is  subjected 
may  be  obtained  by  considering  the 
two  extremes  of  resistance,  bearing 
in  mind  that  the  inductive  reac¬ 
tance  is  equal  to  twice  the  capaci¬ 
tive  reactance  (Eq.  4).  For  Rt 
open,  the  current  through  termi¬ 
nals  1  and  2  of  Fig.  4  must  be  in¬ 
ductive.  Therefore,  the  output  volt¬ 
age  will  lead  the  plate  current  by 
approximately  90  degrees. 

When  R2  is  short-circuited,  the 
current  taken  by  the  capacitive 
branch  will  be  twice  as  great  as 
that  taken  by  the  inductive  branch, 
thus  making  the  net  current  into 
terminals  1  and  2  capacitive.  The 
output  voltage,  therefore,  will  lag 
behind  the  plate  current  by  ap¬ 
proximately  90  degrees  for  this 
other  extreme.  Intermediate  values 
of  Rs  will  cause  the  locus  of  the 
output  voltage  vector  to  follow  the 
semicircle  depicted  in  Fig.  4. 

The  most  important  part  of  the 
basic  shift  stage  is  the  device  which 
converts  the  a-f  modulating  signal 
into  a  corresponding  a-f  variation 
of  resistance.  This  device,  which 
is  known  as  the  modulator  or  resis¬ 
tance  tube,  replaces  R,  of  Fig.  4 
in  the  practical  circuit.  To  obtain 
low  distortion,  the  characteristic  of 
resistance  versus  control  voltage  of 
this  device  must  be  made  to  ap¬ 
proximate  the  curvature  of  the 


phase  angle  characteristic  (Fig.  5). 
This  requirement  is  important 
mainly  for  low-frequency  signals  in 
the  band  from  30  to  50  cycles, 
where  a  maximum  phase  shift  of 
about  plus  and  minus  25  degrees 
per  stage  is  required  for  full  fre¬ 
quency  deviation. 

Conventional  vacuum  tube  cir¬ 
cuits  utilizing  the  dynamic  plate 
resistance  of  a  tube  as  a  function 
of  control  grid  voltage  cannot  be 
used  because  the  adjustment  of 
bias  becomes  too  critical  when  the 
above  requirement  must  be  met. 
Therefore,  the  circuit  shown  in 
Fig.  6  was  developed  to  do  the  job. 
With  the  r-f  voltage  assumed  to  be 
zero,  the  circuit  behaves  not  unlike 
a  cathode  follower.  The  plate  is 
bypassed  to  ground  through  C„ 
the  a-f  modulating  signal  e.  is  ap¬ 
plied  between  control  grid  and 
ground  (across  the  shunt  capaci¬ 
tance  Cl  of  the  inverse  frequency 
network),  and  an  output  voltage 
(the  gain  is  less  than  one)  appears 
between  cathode  and  ground.  For 
this  condition  of  operation  the  re¬ 
sistance  looking  into  terminals  2 
and  3  may  be  given  as^ 

R=—l— 

l+l-i-Ji  (5) 

Rk  Rp  Rp 

where  is  the  resistance  con¬ 
nected  externally  between  cathode 
and  ground,  R,  is  the  effective  plate 
resistance  of  the  tube  at  its  oper- 
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ating  point,  and  fi  is  the  amplifica¬ 
tion  factor  of  the  tube  at  its  oper¬ 
ating  point. 

Analysis  of  R*F  Cyela 

Now  consider  the  circuit  from 
the  standpoint  of  the  r-f  voltage 
€„  which  is  the  voltage  across  the 
constant  impedance  Zi  in  Fig.  3. 
Assuming  the  modulating  signal 
e,  in  Fig.  6  equal  to  zero,  the  cir¬ 
cuit  behaves  like  a  grounded  grid 
amplifier  because  Ci  effectively  puts 
the  grid  at  ground  potential  for 
r-f.  Thus,  any  r-f  voltage  between 
cathode  and  ground  is  also  applied 
between  control  grid  and  cathode 
of  Tj.  Under  normal  conditions  of 
operation,  the  relatively  high  value 
of  Rk  never  allows  grid  current  to 
flow  during  the  positive  portion  of 
the  r-f  cycle.  However,  if  the  r-f 
grid-to-cathode  voltage  is  high 
enough,  tube  Ta  will  be  cut  off  dur¬ 
ing  some  part  of  the  cycle,  the  point 
of  cutoff  being  a  definite  function 
of  the  instantaneous  grid-to-cath¬ 
ode  and  plate-to-cathode  voltages. 

The  modulating  a-f  signal  e,  thus 
determines  the  fraction  of  the  r-f 
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FIG.  6 — Basic  circuit  of  resistance-tube 
stage 


cycle  during  which  the  plate  cur¬ 
rent  flows  through  Ts.  In  other 
words,  during  the  time  the  modu¬ 
lating  signal  is  positive,  the  angle 
of  flow  is  increased,  and  during  the 
balance  ‘of  the  modulating  signal 
cycle,  the  reverse  is  true. 

During  the  part  of  the  r-f  cycle 
cycle  over  which  T3  is  cut  off,  Ra  is 
equal  to  Ra.  For  the  remainder  of 
the  r-f  cycle,  Ra  must  be  equal  to  R 
as  defined  by  Eq.  5.  By  proper 
choice  of  r-f  voltage  level  and  the 
value  of  Rk,  the  curvature  of  the 
resistance  tube  characteristic  can 
be  made  to  match  the  curve  in 


Fig.  5,  so  that  no  bias  adjustr.  3nt. 
is  necessary. 

Modulator  Tuning  Procedure 

In  the  final  design  of  the  modu¬ 
lator  portion  of  an  f-m  transmitter 
using  the  cascade  phase  shift  mod¬ 
ulator,  six  cascade  stages  are  fol¬ 
lowed  by  several  frequency  multi¬ 
pliers  with  a  factor  M  of  12,  a? 
shown  in  Fig.  7.  The  final  multi¬ 
plier  provides  an  M  equal  to  81,  sc 
that  the  overall  M  is  972.  A  built-in 
tuning  meter  enables  the  operator 
to  make  adjustments  without  the  aid 
of  external  measuring  equipment. 

Assuming  that  the  crystal  oscil¬ 
lator  stage  is  operating  normally, 
the  r-f  voltage  level  at  the  grid  of 
each  cascade  amplifier  (Ti  through 
Ta)  is  adjusted  to  a  predetermined 
setting  on  the  tuning  microam¬ 
meter.  Although  this  meter  reads 
the  grid  current,  it  acts  as  a  peak¬ 
reading  vacuum-tube  voltmeter.  A 
variable  capacitor  in  each  ampli¬ 
fier  grid  circuit  provides  the  means 
of  adjustment  by  forming  a  simple 
voltage  divider  with  the  associated 
coupling  capacitor.  This  r-f  voltage 
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FIG.  7 — Schemotic  diogrom  of  modulator  of  f-m  transmitter  using  the  cascade  phase  shift  modulator 
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I  level  setting  fulfills  the  require¬ 
ment  for  curve  matching  of  the  re¬ 
sistance  tubes. 

For  the  next  step,  the  inductance 
Xl  of  the  constant-impedance  net- 
ivork  in  each  amplifier  must  be  ad¬ 
justed  to  conform  with  Eq.  4. 
Ordinarily  this  would  present  a 
difficult  problem  because  the  coil 
cannot  be  peaked  to  the  crystal 
frequency — the  actual  resonant  fre¬ 
quency  being  the  crystal  frequency 
divided  by  1.414.  However,  this 
lifficulty  may  be  overcome  by  tak¬ 
ing  advantage  of  the  theory  which 
states  that  a  minimum  of  ampli¬ 
tude  modulation  will  be  observed 
at  the  plate  of  each  amplifier  tube 
when  the  inductance  of  its  constant 
impedance  network  is  adjusted  cor¬ 
rectly  (Xi  equal  to  2Xc). 

Accordingly,  an  a-f  modulating 
signal  is  applied  through  the  nor¬ 
mal  a-f  channel,  of  a  level  sufficient 
to  bring  about  full  frequency  devi¬ 
ation  and  of  a  frequency  low 
enough  to  produce  a  reasonably 
large  phase  shift  in  each  modulator 
stage.  Then  use  is  made  of  a 
built-in  amplitude  modulation  de¬ 
tector  and  amplifier  (the  double 
triode  r„)  which  uses  the  micro- 
immeter  as  a  modulation  indicator. 
Sample  r-f  voltages  from  each 
phase  shift  amplifier  plate  are 
piped  over  to  this  detector  via  the 
meter  switch,  and  thus  any  plate 
may  be  selected  at  will. 

Starting  with  the  first  stage, 
each  inductance  in  turn  is  adjusted 
for  minimum  meter  deflection  of 
the  amplitude  modulation  indi¬ 
cator.  Of  course,  if  the  coils  are 
found  to  be  so  far  out  of  adjust¬ 
ment  as  to  materially  alter  the  r-f 
voltage  set  up  in  the  initial  step, 
then  both  steps  must  be  repeated. 
That  is  all  there  is  to  the  adjust¬ 
ment  of  the  modulator  proper. 

TransmiHer  Alignment 

The  only  other  adjustments  are 
:hose  of  the  multiplier  and  ampli¬ 
fier  coupling  transformers.  These 
transformers  are  designed  so  they 
will  pass  a  band  wide  enough  to  ac¬ 
commodate  twice  the  highest  modu¬ 
lating  frequency,  but  attenuate  the 
■jndesired  adjacent  harmonics  pro¬ 
duced  in  the  preceding  stages. 
These  requirements  usually  lead  to 


a  slightly  double-peaked  selectivity 
curve  corresponding  to  a  coupling 
greater  than  critical. 

Misalignment  of  such  transform¬ 
ers  invariably  causes  asymmetrical 
selectivity  curves,  which  usually  in¬ 
crease  the  harmonic  distortion  and 
may  even  reduce  the  frequency 
deviation  for  the  higher  modulating 
frequencies.  It  is  important,  there¬ 
fore,  that  overcoupled  transform¬ 
ers  be  properly  aligned. 

The  method  of  alignment  of  over¬ 
coupled  transformers  adopted  for 


FIG.  8 — Operating  characteristics  of  cas¬ 
cade  phase  shift  modulator 


use  in  this  transmitter  is  simple, 
requires  no  external  equipment  and 
gives  the  right  answers  in  terms  of 
performance.  A  pushbutton  switch 
is  provided  on  all  overcoupled  trans¬ 
formers.  A  damping  resistance  is 
permanently  connected  to  the  top 
of  the  secondary  of  each  trans¬ 
former,  and  when  the  pushbutton 
switch  is  pressed,  the  free  end  of 
the  damping  resistance  is  grounded. 
This  action  has  the  effect  of  de¬ 
creasing  the  secondary  impedance. 
Because  the  ground  side  of  the  re¬ 
sistance  is  switched,  there  is  no 
appreciable  change  of  circuit  ca¬ 
pacitance  due  to  the  switching 
action. 

It  is  well  known  that  a  decrease 
of  secondary  impedance  in  an  over¬ 
coupled  transformer  reduces  the 
coupling.  Thus,  with  proper  choice 
of  damping  resistance,  the  coupling 
is  reduced  to  a  value  below^  critical 
and  the  transformer  may  be  easily 


and  accurately  tuned  for  maximum 
output  at  the  center  frequency  pro¬ 
vided  by  the  preceding  stage. 

Upon  releasing  the  pushbutton, 
the  transformer  again  becomes 
overcoupled  and  gives  the  symmet¬ 
rical  pass  band  required  for  high- 
quality  performance.  All  band-pass 
transformers  are  aligned  in  this 
manner.  Normal  transmitter  tun¬ 
ing  technique  is  used  for  the 
higher-powered  portions  of  the 
transmitter.  It  is  possible  to  ad¬ 
just  all  tuning  elements  shown  in 
Fig.  7  in  less  than  ten  minutes. 


Performonce  of  Cascade  Phase 
Shiff  Modelator 

A  static  characteristic  curve  giv¬ 
ing  the  total  phase  shift  in  degrees 
as  a  function  of  the  grid  bias  ap¬ 
plied  to  the  resistance  tubes  for  1, 
2,  3,  4,  5,  and  6  cascade  stages  is 
shown  in  Fig.  8.  The  linearity  of 
the  curve  for  six  stages  is  attested 
by  harmonic  distortion  measure¬ 
ments,  for  75-kc  frequency  devia¬ 
tion,  of  1.25  percent  for  30  cycles 
and  less  than  0.6  percent  for  50  to 
15,000  cycles.  Distortion  for 
100-kc  frequency  deviation  is  less 
than  1  percent  from  50  to  15,000 
cycles.  The  f-m  noise  has  been 
measured  at  72  db  below  a  fre¬ 
quency  deviation  of  75  kc. 

The  author  wishes  to  express  his 
appreciation  for  the  perseverance 
and  help  given  by  W.  E.  Phillips 
and  S.  G.  Jones,  under  whose  direc¬ 
tion  this  modulator  was  developed, 
and  to  D.  A.  Skinrood,  G.  L.  Dufield, 
L.  Schultz,  E.  A.  Andrade,  and  Y. 
K.  Luk  of  the  Broadcast  Equip¬ 
ment  Division  of  Raytheon  Manu¬ 
facturing  Co. 
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This  12-channel  converter  was 
designed  for  use  with  a  re¬ 
motely-controlled  prewar  42  to  60- 
mc  f-m  receiver  to  permit  reception 
of  stations  in  the  new  88  to  108-mc 
f-m  band. 

Since  there  appeared  to  be  no 
satisfactory  method  of  rapidly  set¬ 
ting  a  ganged  capacitor  with  the 
accuracy  required  at  100  me,  12 
sets  of  fixed-tuned  circuits  were 
provided.  These  were  well  adapted 
to  incorporation  in  the  Strowger 
dial  system  used  in  remote  opera¬ 
tion  of  the  original  receiver.  This 
system  provides  facilities  for  tele¬ 
phone-type  dial  selection  from  any 
one  of  twelve  stations  on  each  of  the 
a-m,  f-m,  and  television  receivers, 
plus  volume  control,  audio-band¬ 
width  control,  and  loudspeaker 
selection. 

The  desirability  of  obtaining  a 
satisfactory  signal  from  broadcast 
stations  over  75  miles  away  re¬ 
quired  that  the  sensitivity  of  the 
converter  be  of  the  order  of  a 
microvolt  for  20-db  quieting.  In 
addition,  the  presence  of  other  f-m 
stations  within  a  few  miles  of  the 
receiver  and  other  services  in  ad¬ 
jacent  frequency  bands  imposed 
severe  requirements  as  to  selectiv¬ 
ity,  stability,  and  spurious  fre¬ 
quency  response. 

The  complete  converter  circuit  is 
shewn  in  Fig.  1.  The  input  circuit 


inductor  of  the  r-f  amplifier  is 
tuned  by  a  powdered  iron  slug  in  a 
relatively  high  impedance  circuit 
which  is  broad-band  enough  to  re¬ 
quire  no  tuning  adjustment  to  cover 
the  88  to  108-mc  band.  It  was 
considered  that  any  attempt  to  pro¬ 
vide  fixed  tuned  circuits  at  this 
point  for  each  desired  frequency 
would  result  in  a  circuit  having 
such*  a  low  impedance  and  low  an¬ 
tenna  transformer  stepup  that  the 
signal-to-noise  ratio  would  be  ad¬ 
versely  affected.  Coupling  from 
the  input  transmission  line  was 
effected  by  tapping  the  line  directly 
on  the  input  inductor,  thereby 
eliminating  the  effect  of  coupling 
coil  inductance. 

The  6AK5  tube  was  chosen  be¬ 
cause  it  possesses  relatively  high 
input  resistance  at  the  frequencies 
involved.  This  high  input  re¬ 
sistance,  together  with  careful 
adjustment  of  the  coupling  ratio, 
permits  obtaining  an  input  circuit 
gain  high  enough  so  that  it  is  pos¬ 
sible  to  realize  a  sensitivity  of  1.5 
microvolt  for  20  db  of  quieting  at 
any  frequency  in  the  band. 

To  obtain  good  image  rejection, 
the  coupling  circuit  between  the 
r-f  amplifier  and  the  mixer  was 
designed  to  have  high  Q.  By  use 
of  high  values  of  capacitance,  the 
impedance  was  kept  low  enough  so 
that  the  gain  of  the  6AK5  tube  was 


not  sufficient  to  permit  self-oscilla¬ 
tion.  The  low  circuit  impedance 
makes  it  possible  to  use  parallel 
feed  to  the  plate  of  the  6AK5. 

Mixer  Circaif 

To  obtain  a  high  image  rejection 
ratio,  it  was  necessary  that  the 
mixer  input  circuit  be  tuned.  How¬ 
ever,  its  tuning  has  little  effect  on 
the  oscillator  stability,  so  ceramic 
trimmer  capacitors  having  a  range 
of  from  7  to  45  /i/mf  were  used  to 
resonate  the  inductor  and  an  18-/i/tf 
fixed  capacitor  was  connected  in 
series  with  the  switch  arm.  With 
this  arrangement,  the  relatively 
large  variable  capacitors  minimize 
the  effects  of  switch  and  stray 
capacitances,  while  the  series  ca¬ 
pacitor  keeps  the  maximum  total 
shunt  circuit  capacitance  down  to 
the  desired  value. 

The  coupling  capacitor  and  its 
leads  are  so  proportioned  that  in 
spite  of  necessarily  long  leads  vir¬ 
tually  the  full  a-c  plate  voltage 
developed  by  the  6AK5  tube  is 
realized  across  the  grid  circuit  of 
the  6AS6  mixer  tube. 

Oscillator  injection  is  provided 
to  one  grid  of  the  mixer  tube.  A 
coupling  coil  of  the  proper  size  to 
match  a  60-ohm  line  to  the  mixer 
plate  is  used,  since  it  was  expected 
that  the  42-mc  receiver  used  as  the 
i-f  amplifier  would  be  Ideated  too 
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F-M  CONVERTER 

Telephone-dial  selection  of  any  of  twelve  stations  in  new  f-m  band  is  achieved  remotely 
with  prewar  f-m  receiver  by  use  of  three- tube  converter  in  which  mixer  input  and 
oscillator  are  tuned  by  preset  trimmers  connected  to  12-position  rotary  selector  switch 


far  away  to  permit  using  a  high- 
impedance  coupling  circuit.  Coil 
L,  lowers  the  frequency  of  a  para¬ 
sitic  plate  circuit  sufficiently  so  that 
feedback  conditions  do  not  support 
oscillation. 

Oscillator  Circuit 

The  circuit  chosen  for  the  oscilla¬ 
tor  was  one  in  which  the  plate  is  at 
r-f  ground.  To  minimize  the  effect 
of  alternating  current  on  the  heater 
and  to  eliminate  trouble  from  vari¬ 
able  heater-cathode  capacitance,  the 
heater  is  kept  at  the  same  r-f  po¬ 
tential  as  the  cathode.  This  was 
accomplished  by  connecting  one 
side  of  the  heater  to  the  cathode, 
permitting  the  heater  current  to 
flow  through  the  tank  inductor  and 
return  through  a  choke.  Tuning 
was  effected  by  varying  the  capaci¬ 
tance  from  grid  to  ground. 

The  method  of  tuning  made  it 
necessary  to  use  either  a  grounded 
plate  or  grounded  grid  oscillator. 


The  former  was  selected  because 
the  anode  acts  as  a  tube  shield, 
minimizing  the  effect  of  external 
objects  on  the  oscillator  frequency, 
and  no  plate  feed  choke  is  required. 

The  vernier  adjustments  for  the 
oscillator  tuning  capacitors  were 
constructed  by  tapping  a  hole  in  the 
panel  adjacent  to  an  individual  tun¬ 
ing  capacitor  shaft  and  inserting  a 
knurled-head  screw  to  extend  near 
the  capacitor  stator.  Variation  in 
the  position  of  the  shank  shifts  the 
frequency  100  to  200  kc. 

Mechanical  Features 

A  rotary  actuator  (Price  Electric 
Corp.  type  8500  automatic  selector) 
provides  the  means  for  driving  the 
standard  12-position  wafer  switches 
used  to  select  the  proper  tuned  cir¬ 
cuits  in  each  stage. 

Poor  stability  and  resetting  diffi¬ 
culties  in  early  tests  resulted 
because  the  shaft  of  the  selector 
switch  was  insulated  and  elec¬ 


trically  loaded  by  the  switch 
mechanism  to  be  near  quarter-wave 
resonant  at  the  oscillator  fre¬ 
quency.  It  was  necessary  to  ground 
the  rubber-mounted  switch  frame 
with  a  flexible  copper  strap  to  break 
up  the  resonant  circuit. 

The  selector  switch  actuator  was 
designed  to  operate  on  a  24-volt  d-c 
circuit,  but  after  the  proper  capaci¬ 
tor-resistor  combination  for  use 
across  the  contacts  had  been  de¬ 
termined,  satisfactory  operation 
on  115  volts  a-c  was  obtained. 

Sensitivity  is  such  that  20-db 
quieting  is  obtained  with  an  input 
signal  of  less  than  1.5  microvolts 
applied  in  series  with  a  70-ohm 
resistor,  and  spurious  frequency 
response  is  more  than  70  db  below 
the  wanted  signal  at  any  frequency 
except  the  42-mc  i-f  image,  where 
suppression  is  50  db.  Overall 
warmup  drift  of  the  system  is 
almost  the  same  as  the  warmup 
drift  of  the  42-mc  receiver. 


R-F  AMPLIFIER 


33>»mF 


MIXER 


AUTOMATIC  SELECTOR 


25  mmP 


1,000 

r_\  OSCILLATOR 
46-66  MC 
NOTE:  CONTACTS  3 
TO  12  ON  S,B  FRONT 
ARE  CONNECTED 
THROUGH  TO  SAME 
‘  CONTACTS  ON  S,B 
REAR  CONTACTS  7 
and  8  ON  S.C  FRONT 
T  ARE  CONNECTED 

THROUGH  TO  CON¬ 
TACTS  ON  S,C  REAR 


Coil  Winding  Data 

Li  —  5  turns  No.  18,  7/16'  long  on 
i'  diam.  polystyrene  form,  tapped 
11  turns  from  ground  end,  with  3/8' 
diam.  by  1'  long  carbonyl  iron  core 

Li  —  4  turns  No.  16,  5/16'  long, 
7/32'  diam.  mandrel,  self  supporting 

L% — 6  turns  No.  20, 5/16' long,  3  16' 
diam.  mandrel,  self  supporting 

Li  —  5  tiims  No.  22  dec,  7/16'  long 
on  i'  diam.  polystyrene  form 

Lt  —  2  turns  No.  22  dec,  close  wound 
3/32'  from  L4 

L*  —  13  turns  No.  18,  spaced  1  wire 
^am.  on  1'  diam.  ceramic  standoff 
insulator 

Li  —  3  turns  No.  18,  on  3, '4'  diam. 
ceramic  tube  grooved  12  turns  per  inch, 
tapped  1  5/8  turns  from  plate  end 


FIG.  1 — Complet0  drenit  of  coaTortor.  Loads  at  lower  left  go  to  remote  control  system 
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Wideband 


Design  criteria  are  presented  for  L-C  and  R-C  phase  shifting  networks  that  develop  a 
constant  phase  difference  over  a  wide  frequency  band.  The  technique  is  to  introduce 
two  phase  shifts  such  that,  although  they  vary  with  frequency,  their  difference  does  not 


T  IS  frequently  desirable  to  de-  stant  over  a  wide  range  of  fre- 


IT  IS  frequently  desirable  to  de¬ 
rive  from  a  given  voltage  two 
new’  voltages  of  the  same  frequency 
but  with  the  phase  angle  between 
the  new  voltages  held  substantially 
constant  over  a  wide  frequency 
range,  each  derived  voltage  having 
an  amplitude  characteristic  linearly 
variable  with  the  amplitude  of  the 
input  voltage  independently  of  fre¬ 
quency. 

To  produce  the  phase  difference 
between  the  two  voltages,  two  net¬ 
works  whose  phase  angles  increase 
substantially  linearly  with  the  lo¬ 
garithm  of  the  frequency  are  used. 
Thus,  if  the  two  networks  are  prop¬ 
erly  matched,  the  phase  difference 
between  them  remains  nearly  con- 


quency. 

Network  Development 

One  way  of  producing  the  two 
voltages  is  to  derive  both  of  them 
from  a  single  source  and  arrange 
that  the  output  of  either  channel  is 
independent  of  frequency,  but  that 
both  have  phase  angles  with  re¬ 
spect  to  the  input  voltages  varying 
in  such  a  way  that  over  a  wide  band 
of  frequencies 

4>i  —  <h  —  (1) 

where  4>i  :  phase  angle  of  output  No.  1 
:  phase  angle  of  output  No.  2 

K  :  a  constant 

4n  and  <t>i  are  each  their  own  function 
of  /,  the  frequency 

One  possible  configuration  for 
these  functions  is 


I  •J  *  !•!  ;  » *  /  .Lt_ 

•  ^  V  L, 


0  *  ton* 


(A) 


_ j _ _  V  0  ^  I 

2n'VR,  R,C,C,  '  enR,C,  *  ZnRjCjfT 

Ri  *  R(  ’  C|®  oC{ 

_ P  8^2 

?  VT* 

-•  le«l»klel 

S*_2  tVs^-48* 


R,C,»  RfCi-  R3C3 
CfSoCMR**  — 


1^0  f#  *  - ^  s  »  ■  I *q«  -  2 

211 R,  C|  0  8+2' 

1  ._2 
i  lei 


FIG.  1 — ^Thr**  networks  for  producing  phase  shift.  Networks  ore  used  in  poirs  to 
obtain  two  outputs  which  have  a  constant  phase  difference  over  o  wide  range  of 
frequency.  Phase  shift  equotion  given  for  network  of  Fig.  lA  holds  for  other 

two  networks 


01  =  C  +  log  /  (2) 

0-2  =  c  +  log  A/  (;i) 

where  C  and  k  are  constants 

Substituting  Eq.  2  and  3  in  Eq.  1 

0,  —  02  =  C  -h  log  f  —  C  —  log  kf 
=  log  /  -  log  f  -  log  k 
=  — logfc=A'  (4) 

Thus  it  is  only  necessary  to  find  • 
a  network  configuration  which  will 
yield  a  phase  angle  which  varies 
as  the  logarithm  of  the  frequency 
over  a  wide  range  of  frequency. 
The  netw’ork  must  also  have  no 
change  in  output  amplitude  with 
frequency.  The  latter  limitation 
usually  restricts  the  final  network 
configuration  to  lattice  types  be¬ 
cause  finite  ladder  types  with  any 
phase  shift  must  be  accompanied 
by  amplitude  variations.  In  order 
to  avoid  the  use  of  transformers  in 
the  lattice  structure,  a  half-lattice 
will  be  chosen  with  the  input  termi¬ 
nals  excited  by  two  equal  voltages 
180  degrees  out  of  phase.  Such  volt¬ 
ages  are  readily  available  from 
vacuum  tube  phase  inverters  con¬ 
sisting  of  a  tube  with  equal  cathode 
and  anode  loads. 

L*C  Lattice 

A  circuit  having  enough  inde¬ 
pendent  parameters  to  permit  the 
designer  to  shape  the  phase  angle 
curve  to  the  required  logarithmic 
form  and  the  basic  design  equa¬ 
tions  of  the  circuit  are  shown  in 
Fig.  lA.  It  will  be  noted  from  the 
equation  for  the  phase  angle  (Fig. 
lA)  that  an  arbitrary  factor  s  is 
included.  The  choice  of  s  is  up  to 
the  designer. 

If  8  lies  between  3  and  5,  a  fairly 
straight  line  for  <f>  is  obtained 
when  plotted  against  a  logarithmic 
frequency  scale.  As  will  be  shown 
later,  if  a  second  curve  for  a  sec- 
ond  similar  network,  but  with  a 
resonant  frequency  /o  which  is  4.53 
times  the  resonant  frequency  of  the 
first  curve,  is  plotted,  the  phase 
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angle  difference  between  these  two 
curves  is  maintained  within  90  ±4 
degrees  over  a  fairly  wide  range  of 
frequency  if  s  =  4,  and  is  quite 
satisfactory  for  voice  frequencies 
because  the  upper  to  lower  fre¬ 
quency  ratio  is  approximately  28 
to  1,  as  for  example  would  occur  in 
a  band  from  130  to  3,600  cps. 

The  band  can  be  widened  indefi¬ 
nitely  by  adding  more  elements  to 
the  bridge  arms  with  the  result 
that  the  frequency  range  is  ex¬ 
panded  more  until  remarkably  good 
performance  is  obtained  over  the 
full  audio  range  from  30  to  15,000 
cps. 

The  use  of  inductances  in  filters 
is  to  be  avoided  if  possible  because 
of  the  inability  to  obtain  a  pure  in¬ 
ductance;  there  are  always  the  in¬ 
evitable  series  resistance  and  shunt 
capacitance.  Other  objections  to 
the  use  of  inductors  are  that  they 
may  pick  up  unwanted  signals  from 
stray  magnetic  fields  and  that  they 
are  not  constant  in  inductance  with 
applied  voltage.  As  a  consequence, 
a  resistance-capacitance  type  of 
half-lattice  network  would  be  pre¬ 
ferable  providing  the  required  type 
of  phase  curve  were  obtainable 
from  them. 

R-C  Lattice 

In  order  to  provide  a  wide  range 
of  operation,  two  simple  resistance- 
capacitance  networks  can  be  used 
in  cascade  with  isolating  tubes  be¬ 
tween  them  as  shown  in  Fig.  IB.  A 
single  network  has  restricted  band¬ 
width.  No  terminating  resistor 
can  be  used  in  this  type  of  network. 

The  phase  angle  of  the  final  out¬ 
put  voltage  can  be  adjusted  ex¬ 
actly  as  in  the  L-C  circuit  of  Fig. 
lA  because  the  phase  angle  equa¬ 
tion  is  identical.  The  only  limita¬ 
tion  with  this  network  is  that  s 
must  be  greater  than  2,  however  as 
previously  found,  for  best  results  s 


Applications 

The  wideband  phase  shift  networks 
described  herein  are  applicable  to: 

Single  sideband  telephony  accom¬ 
plished  directly  at  the  final  carrier 
frequency  without  multiple  modula¬ 
tors  or  sharp  cutoff  filters. 

High  efficiency  broadcast  transmit¬ 
ters  radiating  carrier,  upper,  and 
lower  sidebands  from  three  separate 
antennas. 

Frequency  variation  of  crystal  con¬ 
trolled  carrier  of  communication  trans¬ 
mitters  either  for  carrier  control  or 
frequency-shift  keying. 

Circular  display  on  cathode  -  ray 
*  tubes  over  a  wide  frequency  band 
without  adjustment  of  the  phase  shift 
network. 

Variable  speed  operation  of  three- 
phase  a-c  motors. 


should  be  approximately  4,  and 
hence  lies  well  above  2. 

The  number  of  stages  included 
in  cascade  may,  of  course,  be  in¬ 
creased  to  any  desired  number. 
When  six  such  stages  are  used,  the 
frequency  ratio  for  which  a  phase 
angle  difference  between  two  sets 
of  networks  can  be  maintained 
within  90  degrees  =3  degrees  be¬ 
comes  approximately  200  to  1,  or 
what  would  cover  an  audio  fre¬ 
quency  band  of  50  to  10,000  cps, 
which  is  adequate  for  high  quality 
broadcast  service. 

Another  R-C  network,  which  does 
not  require  an  isolation  tube,  is 
shown  in  Fig.  1C.  This  network 
somewhat  resembles -the  L-C  net¬ 
work  of  Fig.  lA  but  differs  in  out¬ 
put  voltage.  The  output  voltage  is 
a  proper  fraction  of  the  input  volt¬ 
age.  The  factor  a  must  be  less 
than  0.25,  or  s  must  be  greater 
than  2,  when  using  this  network. 
As  previously  pointed  out,  for  best 
results  s  should  be  approximately 
4,  or  a  =  0.167,  which  will  yield 
an  output  voltage  of  about  0.33 
times  the  input  voltage. 

The  phase  angle  equation  (Fig. 
lA)  is  seen  to  be  identical  to  those 


for  the  previously  described  net¬ 
works.  In  order  to  find  the  proper 
values  for  /o  in  the  two  networks 
which  are  to  yield  a  phase  angle  dif¬ 
ference  of  90  degrees,  assume  a 
geometric  mean  frequency  between 
the  upper  and  lower  frequency  lim¬ 
its  of  usable  phase  angle  difference. 
This  mean  frequency  is  not  critical^ 
but  a  value  of  700  cps  has  been  sug¬ 
gested  as  a  practical  frequency 
(0.  B.  Hansen,  Down  to  Earth  on 
‘High  Fidelity’,  Radio  Technical 
Planning  Board,  Report  on  Stand¬ 
ards  and  Frequency  Allocations  for 
Post-War  FM  Broadcasting,  Panel 
5,  June  1,  1944,  Section  VIII).  Hav¬ 
ing  decided  on  the  mean  frequency 
of  the  system,  it  is  merely  neces¬ 
sary  to  design  the  two  phase  shift 
netw’orks  so  that  one  has  a  phase 
angle  of  180  —  45  degrees  at  700 
cps,  and  the  other  a  phase  angle  of 
180  4-  45  degrees  at  700  cps. 

Basis  for  Design 

Suppose  the  value  for  fo  of  the 
first  network  is  to  be  determined, 
then,  designating  fo  of  the  first  net¬ 
work  as  /o,  and  letting  /  equal  the 
mean  frequency,  designated  as  F, 
the  phase  angle  equation  (Fig.  1) 
becomes 


tan  0  = 


■2sFfoi(r--U^) 

(P*  -  V)»  -  («/oiF)* 


Setting  <t>  =  135  degrees  and  s  =  4, 
clearing  fractions  and  solving  for 
/ot  gives  foi  =  2.126F,  which,  for 
F  =  700  cps,  gives  =  1,488  cps. 

By  reciprocal  relationships,  the 
value  of  /oe,  the  fo  of  the  second  net¬ 
work,  is  foa  =  F/2.126;  at  F  =  700 
cps,  fos  =  329  cps. 

The  parameters  of  the  two  net¬ 
works  can  now  be  calculated.  For 
convenience  and  to  establish  values 
of  impedance  into  which  vacuum 
tubes  can  work  satisfactorily,  as¬ 
sume  that  Ri  =  20,000  ohms  in  each 
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Table  I — Determination  of  Network  Parameters 


First  Network 
/oi  =*  1488  cps 
5  =  4.00 
a  =  0.1666 
—  20,000  ohms 

Cl  =  ^  ^ 


2ir/oif?i  2x1488  X  20000 
=  0.00535  fif 

Ci  =  a  Cj\  =  0 . 166  X  0 . 00535 
=  0.000802  m/ 

^■■  =  (t^)c-=«333C. 

=  0.333  X  0.00535 
=  0.001785  nf 

fix  _  20000 

'  ~  a  ~  oT16'6 
=  120,000  ohms 

=  (_L^) 

=  60,000  ohms 


fn 

s 

a 

C, 

Co 

c, 


/?,  = 


Second  Network 
=  329  cps 
=  4.00 
=  0.1666 
=  20,000  ohms 

1  1 
“  2x/o;/h  2x329  X  ‘2000() 

=  0.0212  m/ 

=  a  C,  =  0.166  X  0.0212 
=  0.00103  ^xf 

=  0.333  X  0.0212 
=  0.00806  M.r 

lix  20000 


Rt 


a  0 . 166 
1 20 , 000  ohms 
—  la 


=  (^) 


la 

=  /  J  -  0.660  \ 

V  0.665  /  ’ 

=  60,000  ohms 


000 


FIG.  2 — ^PhoM  ihiit  characteristica  of  networks  whose  values  are  given  in  Table  I 


network.  The  calculations  are  sum¬ 
marized  in  Table  I. 

The  phase  shift  curves  for  these 
two  networks  are  shown  in  Fig.  2. 
Note  the  long  frequency  range  over 
which  these  curves  are  substan¬ 
tially  parallel.  The  difference  angle 
is  plotted  to  facilitate  comparison. 
Note  that  this  difference  angle 
holds  fairly  close  to  90  degrees  over 
a  range  of  frequencies  from  130  to 
3,600  cps.  This  range  is  quite  ade¬ 
quate  for  a  voice  frequency  chan¬ 
nel. 


Such  a  network  can  be  used  to 
build  a  simple  single  sideband 
transmitter  without  the  necessity 
of  using  sharp  cut-off  filters  and 
double  or  triple  modulation.  This 
simplification  may  be  done  by  com¬ 
bining  the  outputs  of  two  balanced 
modulators:  one  balanced  modula¬ 
tor  is  fed  with  radio  frequency  cos 
(ot  and  audio  frequency  mcos 
(/it  —  0),  and  the  other  balanced 
modulator  is  fed  with  radio  fre¬ 
quency  cos  (o)t  =t  w/2)  and  audio 
frequency  mcos  (/it  —  0  ±  «/2).  If 


the  plus  signs  are  used  and  the  bal¬ 
anced  modulator  outputs  are  added, 
the  resultant  output  would  be  mcos 
[(o)  —  /x)t  +  0],  which  is  the 
lower  sideband. 

Single  Sideband  Telephony 

An  experimental  system  of  this 
type  has  been  constructed  and  op¬ 
erated  using  carrier  frequencies  in 
the  broadcast  band.  No  untoward 
difficulty  was  encountered  and  re¬ 
sults  were  fully  up  to  expectations. 
The  transmitter  was  modulated 
with  audio  signals  taken  from  the 
output  of  a  broadcast  receiver.  The 
single  sideband  transmission  was 
received  by  a  second  broadcast  re¬ 
ceiver  into  whose  input  terminals 
was  also  fed  an  unmodulated  con¬ 
tinuous  wave  radio  frequency  from 
a  signal  generator  to  furnish  the 
missing  carrier.  The  signal  gener¬ 
ator  frequency  was  adjusted  until 
the  reproduced  program  sounded 
most  natural.  No  auxiliary  filters 
were  used  in  the  radio  section  of 
the  transmitter  to  aid  in  reducing 
the  unwanted  sideband. 

The  question  may  arise  as  to  how 
much  of  the  unwanted  sideband  is 
permitted  to  get  through  the  sys¬ 
tem  if  not  exactly  90  degrees  phase 
difference  is  obtained  between  the 
two  audio  channels.  The  ratio  of 
the  weaker  sideband  to  the  stronger 
sideband  is  given  by  the  equation 

where  S  is  the  deviation  of  the  dif¬ 
ference  phase  angle  from  w/2,  with 
S  expressed  in  radians  for  the  ap¬ 
proximate  formula.  A  deviation 
from  90  degrees  of  6  degrees  is 
required  before  the  weaker  side¬ 
band  becomes  5  percent  as  strong  as 
the  stronger  sideband,  so  that  the 
phase  angle  curve  of  Fig.  2  is 
probably  commercially  useful  over 
a  range  in  frequencies  included  be¬ 
tween  84  degrees  on  the  low  side  of 
the  center  to  84  degrees  on  the  high 
side  of  the  center. 

A  second  application  for  the  sys¬ 
tem  is  that  of  providing  a  closer-to- 
zero  frequency  single  sideband  tele¬ 
phone  or  broadcast  transmission 
when  filters  are  used.  For  example, 
a  single  sideband  transmitter  may 
be  constructed  along  conventional 
lines  with  a  quartz  crystal  type  of 
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band-pass  filter  to  operate  on  100  kc. 
Suppose  the  pass  band  extends 
from  100,600  to  108,000  cps.  It  is 
seen  that  frequencies  below  600 
cps  are  attenuated  in  such  a  sys¬ 
tem.  Now  if  the  single  sideband 
system  described  in  the  present 
paper  were  to  be  used  in  conjunc¬ 
tion  with  a  filter,  the  filter  could 
transmit  from  100,000  to  108,000 
cps,  and  the  region  between  27  and 
600  cps  could  be  taken  care  of  by 
the  audio  phase  shift  system,  let¬ 
ting  the  filter  remove  the  unde¬ 
sired  sideband  from  99,400  down 
to  92,000  cps.  Thus  the  resultant 
radiation  could  contain  single  side¬ 
band  components  corresponding  to 
an  audio  frequency  range  of  27  to 
8,000  cps  instead  of  being  limited 
to  a  range  of  600  to  8,000  cps.  The 
addition  of  the  27  to  600-cps  range 
will  add  considerably  to  the  natur¬ 
alness  of  male  speech  and  organ 
music.  Frequencies  between  0  and 
27  cps  should  be  removed  from  the 
original  audio  being  fed  into  the 
system. 

High  Efficiency  Trantmitfer 

A  high  efficiency  broadcast  trans¬ 
mitter  can  be  constructed  by 
employing  three  power  amplifiers 
and  three  antennas  arranged  so 
that  an  unmodulated  carrier  is 
radiated  on  a  central  antenna  and 
the  upper  and  lower  sidebands  are 
radiated  respectively  on  two  side 
antennas,  which  are  on  a  straight 
line  through  the  central  antenna 
but  on  opposite  sides  equidistant 
from  it.  The  sidebands  are  gener¬ 
ated  in  much  the  same  manner  as 
described  in  the  preceding  section. 
Only  one  set  of  audio  phase-shift 
filters  are  required,  for  the  upper 
and  lower  sidebands  can  be  ob¬ 
tained  by  simply  adjusting  the 
phases  of  the  radio  frequencies  fed 
into  the  two  sets  of  balance  modu¬ 
lators. 

This  system  of  transmission 
could  be  accomplished  with  the  fol¬ 
lowing  installed  relative  power 
capacity 


Carrier 

1.00 

Upper  Sideband 

0.25 

Lower  Sideband 

0.25 

Total 

1.60 

When  modulating  100  percent,  this 


system  will  have  an  overall  effi¬ 
ciency  of  about  66  percent,  result¬ 
ing  in  a  d-c  power  consumption  of 
2.25  maximum.  This  consumption 
graduates  down  to  1.5  for  zero 
modulation.  For  an  average  modu¬ 
lation  of  50  percent  the  power 
consumption  would  thus  be  about 
1.875. 

The  conventional  double  sideband 
plus  carrier  class-B  amplifier  must 
have  an  installed  power  capacity 
of  4.0  for  handling  the  peaks  of  100 
percent  positive  modulation  and  the 
transmitter  runs  at  33  percent 
efficiency,  requiring  a  continuous 
input  power  of  3.0  from  the  d-c 
supply.  Thus  the  saving  in  d-c 
power  consumption  would  be  about 
1.125  based  on  the  carrier  rating, 
or  for  a  50-kw  transmitter,  the 
saving  would  amount  to  56.25  kw. 
Besides  the  savings  in  power  costs, 
the  system  would  have  lower  first 
costs  in  the  water  cooling  system, 
power  rectifiers  and  transformers, 
and  in  high  power  vacuum  tubes. 
The  replacement  tube  cost  also 
would  be  less. 

In  the  operation  of  emergency 
communications  transmitters  it  is 
often  desirable  to  change  the  ra¬ 
diated  carrier  frequency  a  few  hun¬ 
dred  or  a  few  thousand  cycles  to 
avoid  either  intentional  or  acci¬ 
dental  jamming,  yet  it  is  also 
desirable  to  retain  the  benefits  of 
precise  frequency  control  such  as 
is  provided  by  a  quartz  crystal.  One 
solution  is  to  have  available  a  large 
number  of  crystals  lying  on  closely 
adjacent  frequencies  selectable  by 
a  rotary  switch.  Another  scheme 
might  be  to  adjust  the  air  gap  or 
shunt  capacitance  across  the  crys¬ 
tal.  All  of  these  methods  have  their 
objectionable  features. 

Adjustable  Carrier  Frequency 

An  alternative  arrangement  is  to 
make  use  of  the  single  sideband 
generator  already  described.  By 
way  of  example,  suppose  the  as¬ 
signed  frequency  of  a  transmitter 
were  4,500  kc.  One  could  then  use 
a  crystal  oscillator  on  4,498  kc  in 
conjunction  with  the  balanced 
modulator  and  a  2-kc  variable  fre¬ 
quency  oscillator  to  produce  the 
required  4,500-kc  carrier.  The  os¬ 
cillator  could  then  be  adjusted  to 


other  nearby  frequencies  to  avoid 
jamming,  by  having  it  cover  a 
range  of  roughly  0  to  4  kc  and  thus 
be  able  to  change  the  radiated  fre¬ 
quency  plus  or  minus  2  kc  about 
the  assigned  frequency. 

The  frequency  stability  of  the 
system  would  be  quite  similar  to 
the  master  quartz  frequency  stabil¬ 
ity  and  hence  could  be  classified  as 
precise.  Wider  ranges  of  control 
could  of  course  be  obtained  by  util¬ 
izing  submultiple  crystal  frequen¬ 
cies  or  wider  oscillator  range, 
within  the  limits  of  stability  of  the 
final  frequency. 

Frequency  Shift  Keying 

A  transmitter  equipped  as  above 
could  be  easily  converted  into  a 
telegraph  transmitter  with  precise 
frequency  shift  keying.  By  way 
of  example,  suppose  the  4,500-kc 
transmitter  were  required  to  radi¬ 
ate  4,499.9  kc  with  the  key  down 
and  4,500  kc  with  the  key  up.  All 
that  would  be  necessary  would  be 
to  shift  the  low  frequency  oscillator 
from  2.0  kc  to  1.9  kc.  This  shift 
could  be  accomplished  by  keying 
in  a  shunt  capacitance,  and  the  re¬ 
sulting  frequencies  would  be  both 
precise  and  stable,  maintaining  the 
0.1-kc  difference  quite  accurately 
over  long  periods  of  operation. 

Other  Applications 

The  two  90  degree  phase  angle 
displaced  voltages  can  be  fed  into 
the  X  and  Y  deflection  plates  of  an 
electrostatic  deflection  type  of 
cathode-ray  tube  to  obtain  a  circu¬ 
lar  trace.  The  pattern  will  remain 
circular  for  wide  changes  in  fre¬ 
quency  if  one  of  these  phase-shift 
networks  is  used.  The  circular  pat¬ 
tern  is  a  useful  indication  of  the 
closeness  to  90  degrees  of  the  phase 
shift  obtained  from  these  circuits 
and  can  be  used  to  determine  their 
performance. 

By  employing  the  90  degree 
phase  angle  displaced  voltages  and 
a  reversed  Scott  connected  trans¬ 
former,  three  phase  power  can  be* 
developed  from  a  single  phase 
source.  Such  a  circuit  could  be 
used  to  control  the  speed  of  a  three 
phase  synchronous  motor.  Varying 
the  frequency  of  the  original 
source  would  vary  the  motor  speed. 
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PHOTOELECTRIC 

DUST  METER 


A  phototube  in  an  illuminated  air  duct  continuously  measures  the  quantity  of  light 
reflected  by  dust  particles  passing  through  the  system.  Applications  include  testing  and 

rating  the  efficiency  of  air-cleaning  devices 

By  GUY  F.  BARNETT  and  A.  L.  FREE 

I{c»t'arch  Itirhion.  J'hUcn  Cnruoration 
Philadelphia,  Pa. 


CONVENIENT  quantitatively 
meaningful  methods  for  deter¬ 
mining  the  dust  content  of  air  are 
needed. 

The  problem  is  of  particular  in¬ 
terest  to  the  air-conditioning  en¬ 
gineer  who  is  confronted  with  the 
task  of  testing  and  rating  air-clean¬ 
ing  devices,  and  to  the  experimen¬ 
ter  in  this  field  who  desires  quick 
but  accurate  measurements.  An 
ideal  measuring  system  for  these 
purposes  would  be  one  which  would 
give  a  direct  and  instantaneous  in¬ 
dication  of  cleaning  efficiency  at 
all  times,  and  would  present  this 
indication  so  that  an  untrained 
worker  could  read  it  accurately. 

Former  Methods 

Previous  measurement  techniques 
have  fallen  short  of  the  ideal.  The 
following  examples  are  cited  to  ac¬ 
quaint  the  reader  with  the  nature 
of  the  prior  art  and  its  limitations. 

(1)  In  one  method,  air  is  im¬ 
pinged  onto  a  viscously-coated 
slide  by  the  stroke  of  a  piston,  and 
the  size  and  number  of  particles 
per  unit  area  noted  with  the  aid  of 
a  high-powered  microscope. 

Error  arises  from  optical  and  me¬ 
chanical  discrimination  against 
•  small  particlesS  and  human  varia¬ 
tions  in  making  the  count.  Prepa¬ 
ration  and  handling  of  the  slide,  and 
adjustment  of  the  pump  orifice, 
present  complications.  There  is  ob¬ 
viously  considerable  time  consumed 
in  making  such  a  measurement,  and 
the  services  of  a  trained  worker 
are  necessary. 


(2)  The  increase  in  weight  of  a 
coated  slide  may  be  determined. 
This  reduces  the  human  error,  but, 
in  a  weight  determination,  there  is 
no  way  of  knowing  whether  a 
given  weight  represents  one  par¬ 
ticle  of  1000  microns  in  diameter 
or  a  billion  particles  one  micron  in 
diameter. 

(3)  Dust-laden  air  may  be  forced 
through  some  filtering  material  or 
device,  such  as  a  cloth,  at  a  uni¬ 
form  rate^  The  time  necessary  to 
produce  a  given  increment  in  weight 
or  coloration  of  the  filter  may  be 
taken  as  an  indication  of  the  dust- 
content  of  the  air.  Again  the  method 
is  long  and  cumbersome,  and  ap¬ 
preciably  selective  in  the  size  of 
particles  retained. 

In  view  of  the  limitations  inher¬ 
ent  in  physical  dust-measuring 
means,  the  authors  have  developed 
an  overall  system  for  testing  the 
efficiency  of  air  cleaners  which 


gives  an  instantaneous  and  di¬ 
rect  indication.  The  nucleus  of 
this  system  is  a  phototube  and  a 
light  source;  the  amount  of  dust 
in  the  air  determines  the  illumin¬ 
ation  of  the  phototube  and  hence  the 
current  from  it.  This  effect,  when 
amplified,  gives  a  continuous  meter 
indication  of  the  amount  of  dust 
in  the  air.  By  observations  made 
before  and  after  the  cleaning  device, 
the  cleaning  efficiency  can  be  ob¬ 
tained  by  meter  readings  referred 
to  a  previously  constructed  calibra¬ 
tion  curve. 

Photoelectric  System 

The  fir.st  experimental  test  sys¬ 
tem  is  indicated  schematically  in 
Fig.  1.  By  means  of  this  system 
the  various  parameters  involved  in 
the  efficiency  measurements  could 
be  examined.  The  system  consisted 
of  a  closed  air  path;  however,  if 
the  duct-work  was  opened  at  .4  (or 


FIG.  1 — Block  diagram  of  an  experimental  dust  measuring  system 
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A')  and  B,  air  could  be  drawn 
through  opening  A  (or  A')  and  ex¬ 
pelled  through  opening  B. 

The  blower  was  capable  of  de¬ 
livering  300  cubic  feet  per  minute, 
the  air  velocity  being  controlled  by 
adjustable  dampers  in  the  line. 
After  leaving  the  fan,  air  passed 
through  a  section  of  duct  contain¬ 
ing  a  pitot  tube  for  measuring  the 
air  velocity.  Next  in  the  system 
was  the  dust  injector,  which  was 
connected  to  a  compressed  air  line. 
By  proper  adjustment  of  the  air 
pressure,  dust  could  be  fed  into  the 
system  at  a  controllable  and  nearly 
uniform  rate.  From  here  the  air 
passed  into  the  bottom  of  the  set¬ 
tling  chamber,  which  was  3x3  feet 
in  cross-section  and  6  feet  in  height. 
Any  large  agglomerations  of  parti¬ 
cles  which  might  have  existed  in 
1  the  air  stream  tended  to  settle  out 
while  travelling  this  six-foot  ver¬ 
tical  path  at  a  low  velocity. 

The  air  stream  then  passed 
through  a  section  of  circular  duct, 
and  through  an  elbow  on  which  was 
mounted  a  collimated  light  source 
and  a  collimated  phototube.  Next 
came  the  section  in  which  the  filter 
on  test  was  placed.  Following  this 
was  another  elbow  containing  a 
dust  measuring  system,  and  a  re¬ 
turn  duct  back  to  the  blower. 

Quantities  Measured 

The  photoelectric  method  of  dust 
density  measurement  implies  a  de¬ 
termination  of  either  (1)  the  quan¬ 
tity  of  light  scattered  onto  a  photo¬ 
tube  by  dust  in  the  air,  or  (2)  the 


quantity  scattered  away  from  the 
phototube  by  the  dust.  In  the  first 
arrangement,  the  phototube  is 
shielded  from  the  direct  rays  of  the 
illuminating  source  and  from  ex¬ 
traneous  reflections;  ideally,  the 
only  light  to  reach  the  phototube  is 
that  scattered  in  a  particular  di¬ 
rection  by  the  dust. 

The  second  method  uses  a  light 
beam  shining  directly  at  the  pho¬ 
totube,  which  is  collimated  to  look 
only  at  the  source;  dust  between 
source  and  phototube  then  causes 
a  decrease  in  phototube  illumina¬ 
tion  by  scattering  light  out  of  the 
beam.  The  precise  nature  of  the 
scattering  depends  on  the  particle 
size  and  the  wavelength  of  the 
light  used. 

One  principal  difficulty  occurs  in 
the  case  of  direct  viewing  of  the 
illuminating  source  by  the  photo¬ 
tube.  The  change  in  phototube  cur¬ 
rent  caused  by  dust  in  the  interven¬ 
ing  air  is  small  compared  to  the 
constant  current  corresponding  to 
clean  air,  unless  the  dust  densities 
are  excessively  high  or  the  light 
path  exceedingly  long.  This  means 
a  loss  in  effective  sensitivity. 

Special  measures  might  be  taken 
to  minimize  this  difficulty*.  For 
example,  a  lens  might  focus  the 
light  onto  a  small  absorbing  target 
near  the  phototube,  thus  protecting 
the  latter  from  direct  rays.  Another 
lens  could  then  direct  diffracted  and 
reflected  light  to  the  phototube  cath¬ 
ode.  However,  the  use  of  lenses  in 
a  dust-laden  system  of  this  sort  is 
generally  undesirable  since  dust 


collected  on  them  scatters  light  just 
as  does  airborne  dust.  These  fac¬ 
tors  and  other  practical  consider¬ 
ations  favored  the  adoption  of  the 
indirect-viewdng  method. 

Indirect  Viewing 

With  an  indirect  viewing  system, 
the  illuminated  dust  particles  are 
viewed  at  an  angle  to  the  illuminat¬ 
ing  beam.  The  use  of  an  optical 
system  here  would  serve  only  to  in¬ 
crease  the  sensitivity  of  the  photo¬ 
tube  system.  This  same  function 
can  be  performed  by  a  suitable 
electronic  amplifier,  wffiich  is  more 
desirable  than  an  optical  system. 
Since  extreme  sensitivity  is  avail¬ 
able  with  the  use  of  photo-multi¬ 
plier  tubes  and  high-gain  amplifiers, 
a  consideration  of  relative  intensity 
of  light  scattered  along,  versus  nor¬ 
mal  to,  the  incident  beam  is  of  little 
importance  in  this  connection. 

If  the  dust  has  a  random  parti¬ 
cle  size  distribution  ranging  in  size 
from  larger  to  smaller  than  the 
wavelength,  X,  of  the  incident  light, 
the  light  scattered  normal  to  the 
beam  would  be  made  up  of  that  due 
to  reflection  from  the  larger  parti¬ 
cles  and  that  due  to  absorption  and 
reradiation  from  the  particles 
smaller  than  X.  This  latter  is  the 
w’ell-known  Rayleigh  scattering,  the 
law  of  which  predicts  that  the 
shorter  wavelengths  should  be  scat¬ 
tered  more  intensely  than  the  longer 
ones  due  to  an  inverse  fourth-power 
dependence  on  wavelength. 

As  a  further  consideration,  the 
particle  distribution  before  the  air 
passes  through  the  cleaner  would 
differ  from  that  after  cleaning, 
since  any  air  cleaner  is  somew’hat 
selective  with  regard  to  the  ease 
with  which  it  collects  particles  of 
a  particular  size*’  ®.  This  means 
that  the  ratio  of  reflected  to  reradi¬ 
ated  light  would  have  changed  after 
cleaning. 

Since  reflection  depends  on  the 
square  of  the  particle  radius,  and 
reradiation  depends  on  the  radius 
cubed,  interpretation  of  results 
would  become  very  difficult.  For 
the  above  reasons  it  was  desirable 
to  restrict  the  types  of  dust*  to 
those  wdth  particle  diameters  all 
larger  or  all  smaller  than  the  w^ave- 
lengths  of  the  illuminating  radi- 
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ation  to  which  the  phototube  is  sen¬ 
sitive.  If  the  phototube  current  is 
to  be  directly  proportional  to  the 
number  of  particles  in  the  air,  then 
they  should  also  be  sufficiently  simi¬ 
lar  in  size  to  make  the  selectivity 
of  the  Cleaner  negligible  over  the 
range  of  particle  sizes. 

When  all  the  above  conditions  are 
met,  the  intensity  of  illumination 
of  the  phototube  cathode  will  be 
proportional  to  the  number  of  dust 
particles  in  the  air.  If  the  relation 
between  phototube  illumination  and 
phototube  current  is  known,  the 
observed  phototube  current  will-  be 
a  direct  indication  of  the  number 
of  particles  per  unit  volume  of  air. 

A  relation  for  efficiency  in  terms 
of  the  meter  currents,  involving  the 
various  parameters,  may  be  ob¬ 
tained  as  follows:  Suppose  we  as¬ 
sume  two  complete  and  independent 
measuring  systems,  one  before  and 
one  after  the  cleaning  device.  The 
primed  quantities  refer  to  the  lat¬ 
ter  system. 

i  =  Current  through  indicating  meter 
in  microamperes 

Ct  =  Current  response  of  phototube  to 
illumination  in  /za  per  lumen 

C*  =  Gain  of  amplifier 

/*  =  The  number  of  lumens  from  the 
light  source  falling  on  an  area 
perpendicular  to  the  lightbeam, 
this  area  being  defined  by  the  in¬ 
tersection  of  the  lightbeam  limits 
and  the  projected  limits  of  the 
phototube  cathode 

At  =  Dimensionless  reflection  and 
scattering  constant  due  to  the 
surfaces  of  the  apparatus  viewed 
by  the  phototube 

Ad  =  Dimensionlees  reflection  and 
reradiation  constant  due  to  the 
airborne  dust 


r  =  Dimensionless  constant  repre¬ 
senting  reflection  from  airborne 
dust 

s  =  Dimensionless  constant  repre¬ 
senting  reradiation  from  airborne 
dust 

/(d)  =  Dimensionless  value  representing 
the  effect  of  the  particle  size  dis¬ 
tribution  of  airborne  dust 
P  =  Number  of  particles  of  airborne 
dust  per  unit  volume  (dust 
density),  dimensionally  a  reci¬ 
procal  volume 

Then  the  meter  currents,  i  before 
cleaning,  and  i'  after  cleaning,  are 
given  by 

i  =  CtCalo  {At  *+  Ad) 

and  i'  =  CtCal'a  (A't  +  A'd) 
or  i  =  mAd  +  to  where  m  =  CtCah 
and  Xff  “  C^Co^oAt  ™  inAt 
and  i'  =  m'A'd  +  i'o  where  m'  =  C\C'aVo 
and  i'o  =  C',C'„/'oA',  =  m’A\ 
but  =  Ad  arsf{d)P 
where  a  is  the  proportionality  constant 
(dimensionally  a  volume) 

or  P  =  kAd  where  k  =  - ^r-r— 

ars/(d) 

The  efficiency  E  is  then 


-  (i  -  mAt) 
m 

The  efficiency  is  seen  to  be  an 
explicit  function  of  the  various 
parameters.  A  calibration  run  as¬ 
sociated  with  each  set  of  measure¬ 
ments  is  obviously  necessary  when 
two  independent  systems  are  used. 

Ideally,  the  use  of  dust  of  a  uni¬ 
form  particle  size  of  a  single  ma¬ 
terial  will  cause  the  difference  be¬ 
tween  k  and  k'  to  become  negligible. 
Assuming  a  linear  response  of  the 
phototube  system,  a  single  light 
source,  phototube,  amplifier,  and 
meter  for  each  measurement  would 
cause  m  and  m'  to  become  equal. 


FIG.  2— Circuit  of  the  a-c  amplifier  and  voltage-regulated  power  supply  for  the  phototube 


FIG.  3 — Simple  dust-metering  device.  The 
feed  cups  on  the  rotating  cylinder  carry 
dust  from  the  upper  chamber  into  the 
mixing  chamber 

and  proper  design  would  cause  A, 
and  A't  to  become  negligibly  small. 
The  equation  for  efficiency  would 
then  reduce  to 

E  =  I  -  i'/i. 

Circuit 

When  the  test  stand  was  put  into 
operation,  certain  problems  arose 
affecting  the  accuracy  of  results. 
Due  to  the  high  sensitivity  of  the 
^response  of  the  multiplier  type  of 
phototube  to  variations  of  electrode 
voltages,  the  use  of  a  power  supply 
with  good  regulation  was  impera¬ 
tive.  Figure  2  shows  a  schematic 
diagram  of  the  complete  electronic 
circuit.  A  mu-bridge  type  of  regu¬ 
lator  is  used  to  insure  constancy  of 
the  phototube  electrode  voltages. 

The  noise  level  in  this  type  of 
phototube  is  proportional  to  its  d-c 
output.  This  permitted  the  use  of 
an  a-c  amplifier  in  the  measur¬ 
ing  system,  which  is  desirable 
because  of  its  simplicity  compared 
to  an  equally  stable  d-c  amplifier. 

The  resistance-capacitance  net¬ 
work  associated  with  the  microam¬ 
meter  has  a  sufficiently  long  time 
constant  to  allow  the  meter  reading 
to  be  an  average  indication  of  the 
response  of  the  phototube.  This 
expedient  was  resorted  to  because 
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of  the  failure  of  the  original  dust 
injector  system  to  give  an  entirely 
uniform  feed  at  the  low  dust  levels 
desired.  A  metering  type  of  dust 
injector  shown  in  Fig.  3  was  finally 
adopted.  The  dust  content  of  the 
air  can  be  varied  by  varying  the 
speed  of  rotation  of  the  notched 
cylinder. 

Calibration 

Silicic  acid  dust  was  used  in  the 
tests.  As  it  came  from  the  manu¬ 
facturer,  it  was  found  to  have  a 
considerable  range  of  particle  size. 
Uniformity  of  particle  size  was 
obtained  by  a  settling  fractiona¬ 
tion  technique,  using  water  as  a 
settling  medium.  To  reduce  the 
tendency  to  agglomerate  after  dry¬ 
ing,  the  yield  was  heated  to  a  tem¬ 
perature  appreciably  below  the 
sintering  point. 

Using  the  system  as  a  closed  cir¬ 
cuit,  calibration  runs  at  low  dust 
levels  were  made  by  the  successive 
introduction  of  known  quantities  of 
dust  at  equal  time  intervals.  Under 
this  condition  the  reading  of  the 
indicating  meter  was  proportional 
to  the  increase  of  the  dust  density. 
The  range  of  dust  densities  over 
which  this  linear  response  was  ob¬ 
served  embraced  values  from  ap¬ 
proximately  normal  room  densities 
to  an  order  of  magnitude  higher 
than  normal  room  densities. 

When  the  same  type  of  measure¬ 
ment  was  repeated  using  dust  den¬ 
sities  ranging  from  normal  room 
density  to  values  approximately 
two  orders  of  magnitude  higher, 
the  response  was  observed  to  devi¬ 
ate  from  linearity.  Two  effects 
were  found  to  be  responsible  for 
this  deviation.  The  first  and  most 
obvious  effect  was  the  tendency  of 


dust  to  settle  and  adhere  to  the 
surfaces  of  the  apparatus.  Density 
changes  due  to  this  effect  would  be 
roughly  proportional  to  the  density. 
Secondly,  the  phototube  system  w'as 
found  to  have,  very  closely,  a 
square-law  response  to  illumination. 

This  measurement  was  made  by 
stopping  down  the  light  source 
while  keeping  the  color  tempera¬ 
ture  of  the  lamp  filament  constant, 
an  expedient  necessary  to  elimin¬ 
ate  any  effect  of  color  sensitivity 
of  the  phototube.  From  quantita¬ 
tive  data  on  the  decrease  in  dust 
density  due  to  settling  and  ad¬ 
hesion,  and  the  use  of  the  photo¬ 
tube  system  response  curve,  it  was 
found  possible  to  predict  the  non¬ 
linear  response  w’hich  was  observed 
over  the  wide  range  of  dust  densi¬ 
ties  used. 

Final  Design 

With  the  experience  gained  in 
the  previous  investigations  a  re¬ 
design  of  the  test  system  was  under¬ 
taken.  Figure  4  shows  a  diagram 
of  this  design.  Efficient  filters 
clean  the  intake  air  to  give  a  zero 
dust  level.  The  whole  system  is  on 
the  low-pressure  side  of  the  blower 
to  facilitate  the  introduction  of 
dust  or  smoke. 

A  single  unit  of  phototube  and  as¬ 
sociated  electronic  equipment  is 
used  to  observe  the  dust  level  on 
both  sides  of  the  cleaning  device. 
To  minimize  mechanical  difficulties, 
two  light  sources  are  used,  but 
those  are  made  easily  interchange¬ 
able  so  that  the  effect  of  any  dif¬ 
ferences  due  to  them  are  readily 
observed  and  taken  into  account. 
With  proper  design  and  occasional 
easy  cleanings,  the  difference  in 
zero  dust  level  reading  of  the  two 


observation  points  may  be  made 
negligible. 

The  air  velocity  is  maintained  at 
a  sufficiently  high  value  to  minimize 
the  retention  of  particles  on  the 
duct  w’alls.  A  value  of  6.5  feet  per 
second  was  originally  used,  but  ex¬ 
perience  indicated  the  advantage  of 
somewhat  higher  velocities.  In  this 
connection,  one  must  not  lose  sight 
of  the  variation  of  filter  efficiency 
with  air  velocity. 

A  dust  measuring  system  similar 
to  that  shown  in  Fig.  4,  incorpor¬ 
ating  the  above  features  and  ob¬ 
serving  the  suggested  precautions, 
gives  quick  and  accurate  results. 
The  indication  is  continuous,  and 
hence  of  great  value  to  the  experi¬ 
menter  when  observing  the  rela¬ 
tion  between  any  of  several  vari¬ 
ables  and  the  quantity  of  dust  in 
the  air.  When  working  in  the  region 
of  dust  levels  where  the  phototube 
response  is  linear,  efficiency  read¬ 
ings  will  be  quite  accurate,  since 
they  are  obtained  from  relative 
readings.  The  technique  is  also 
applicable  to  factory  checking  of 
air  filters,  since  the  equipment,  once 
adjusted,  will  provide  efficiency  rat¬ 
ings  simply  and  rapidly  in  the  hands 
of  an  untrained  operator. 

A  major  part  of  the  work  cov¬ 
ered  by  this  article  was  done  under 
the  direction  of  Wilson  P.  Booth- 
royd. 
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NOISE  and 


FIG.  14 — R-f  output  limiter  depending  on  plate  current  saturation  in  the  last  two  r-f 
stages,  with  low-pass  filter  following  the  detector  to  further  improve  the  signal-to- 

noise  ratio  of  the  receiver 


INSTANTANEOUS  series-type,  bal¬ 
anced,  and  shunt-type  noise- 
peak  limiters  acting  in  conjunction 
with  a  diode  second  detector  were 
analyzed  in  the  first  part  of  this 
paper,  (pll4,  Nov.  1946),  along 
with  a  noise-peak  limiter  that  acts 
entirely  in  the  i-f  amplifier  system. 
The  next  circuits  to  be  considered 
are  output  limiters,  which  differ 
from  the  instantaneous  noise-peak 
limiters  primarily  in  that  they 
simply  present  a  continuous  limit  on 
the  maximum  power  output  from 
one  or  more  amplifiers  at  some  pre¬ 
determined  level.  They  are,  in  gen¬ 
eral,  difficult  to  bias  automatically 
to  provide  limiting  at  a  desired 
depth  of  modulation  of  the  carrier 
independent  of  the  absolute  carrier 
value,  and  are  therefore  mainly  use¬ 
ful  on  c-w  (telegraph)  operation. 

R-F  Output  Limiter 

R-f  output  limiting  (with  inci¬ 
dental  r-f  noise  limiting)  is  quite 
satisfactorily  achieved  with  the 
simple  circuit  arrangement  of  Fig. 
14,  which  depends  on  vacuum-tube 
plate  current  saturation  and  control 
grid  cutoff,  with  maintenance  of  a 
high  input  impedance  in  the  control 
grid  circuits  of  the  saturated  tubes. 
The  third  and  fourth  r-f  amplifier 
stages  are  used  as  saturation  limi¬ 
ters  by  operating  with  about  45 
volts  applied  to  both  screen  and 
plate  circuits.  The  two  stages  com¬ 
bined  provide  the  equivalent  gain 
of  one  r-f  amplifier  stage  at  a  much 
lower  limiting  level  than  is  feasible 


with  one  stage  alone,  by  virtue  of 
r-f  voltage  dividers  R^-R*  and  Cs-C*. 
The  single  tuned  circuit  following 
the  fourth  stage  filters  out  r-f  dis¬ 
tortion  caused  by  the  preceding  lim- 


FIG.  15 — ^Resonant  overload  characteristics 
of  receiver  using  r-f  output  limiter  for  long¬ 
wave  c-w  reception,  ond  oscillogram  of 
letter  V  as  received  from  an  overseas  trans¬ 
mitter  in  presence  of  12- volt  noise  peaks. 
Input  signal  frequency  is  16  kc,  unmodu¬ 
lated;  beat  oscillator  is  on;  a-f  output  fre¬ 
quency  is  1,000  cycles.  Distortion  figures 
for  detector  output  are  0.7  and  0.1  per¬ 
cent  respectively  for  2nd  and  3rd  har¬ 
monics  with  receiver  input  of  10  micro¬ 
volts,  and  2.9  and  0.9  percent  for  500,000- 
microvolt  input 

iter  circuits  and  provides  further 
selectivity,  while  the  low-pass  filter 
following  the  detector  further  puri¬ 
fies  the  audio  output  and  improves 
signal-to-noise  ratio. 

The  initial  a-c  input  resistance  of 
the  third  r-f  amplifier  tube  is  about 
one  megohm,  until  the  applied  sig¬ 
nal  voltage  exceeds  the  negative 
bias  supplied  by  the  voltage  drop 
across  cathode  resistor  i?2  to  the 
control  grid,  when  it  drops  to  about 
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one-half  megohm  because  the  grid 
becomes,  in  effect,  a  diode  rectifier 
conductive  for  that  portion  of  the 
positive  half-cycle  during  which  the 
signal  exceeds  the  grid  bias. 

The  negative  bias  thus  developed 
across  grid  leak  R,  by  grid  rectifica¬ 
tion  is  applied  to  the  control  grid  to 
limit  the  increase  in  space  current. 
During  a  noise  peak,  then,  the  ef¬ 
fective  positive  instantaneous  volt¬ 
age  on  the  grid  is  the  difference  be¬ 
tween  the  rectified  voltage  across 
Rj  (maintained  by  charging  CO  and 
the  positive  half-cycle  voltage  of  the 
noise  peak,  with  limiting  effects  in 
the  plate  circuit  due  to  plate  satura¬ 
tion. 

On  the  negative  half-cycle  of  r-f 
input,  grid  cutoff  limits  the  change 
in  plate  current  of  the  tube.  The 
phase  shift  from  grid  to  plate  cir¬ 
cuit  results  in  the  positive  noise 
peaks  applied  to  the  grid  of  the 
third  r-f  amplifier  tube  appearing 
as  modified  negative  peaks  at  the 
grid  of  the  fourth  r-f  amplifier, 
where  they  are  further  limited  by 
grid  cutoff,  the  positive  peaks  at 
this  point  being  also  limited  in  the 


FIG.  16 — A-f  saturation-type  output  limiter 
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OUTPUT  LIMITERS 

- -Part  II - 

Six  versions  of  r-f  and  a-f  output  limiters,  an  f-m  discriminator  for  a-m  limiting,  limiter 
design  considerations,  and  recommendations  of  best  choices  for  mew  and  c-w  operation 
conclude  this  comprehensive  survey  of  limiters  for  a-m  communications  receivers 


fourth  amplifier  plate  circuit  by 
saturation  effects.  The  combined 
effect  of  the  two  limiter  tubes  thus 
is  to  limit  both  peaks  of  applied  r-f 
voltage,  whether  due  to  signals  or 
noise  peaks. 

Conventional  bypass  capacitors 
and  screen  filters  are  not  shown  in 
the  circuit  diagram  but  are  actually 
used  in  the  circuits  themselves.  The 
detector,  an  infinite-impedance  or 
cathode-follower  type,  is  used  pri¬ 
marily  for  its  low  output  impedance, 
and  does  not  provide  any  desired 
limiting  action.  This  saturation- 
type  limiter  is  useful  chiefly  Tor  c-w 
reception  at  very  low  carrier  fre¬ 
quencies,  though  with  a  suitable 
saturation  limit  and  an  exception¬ 
ally  good  avc  system  controlling  the 
preceding  r-f  gain  to  just  below 
limiting  level  on  the  desired  signal, 
distortion  on  mew  reception  can  be 
kept  low  over  a  considerable  range 
of  carrier  input  values. 

Use  is  made  in  f-m  receivers  of 
similar  limiting  in  the  i-f  system, 
except  in  those  having  limiting  dis¬ 
criminators  of  the  ratio  type.  Such 
i-f  limiters  usually  do  not,  however. 


FIG.  17 — Modiiied  saturation-type  limiter 
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utilize  voltage  dividers.  They  are 
designed  for  higher  limiting  levels 
than  the  circuit  of  Fig.  14,  and  op¬ 
erate  to  reduce  amplitude  variations 
of  the  f-m  carrier  appearing  at  the 
discriminator  to  the  greatest  prac¬ 
ticable  extent.  The  avc  voltage  may 
be  taken  from  the  final  limiter  grid 
resistor,  or  the  preceding  one  if 
there  is  more  than  one  limiter  stage. 

Figure  15  shows  the  resonant 
overload  and  distortion  characteris¬ 
tics  of  a  receiver  utilizing  this  type 
of  limiter  and  oscillogram  of  the  let¬ 
ter  V  as  received  at  16  kc  from  an 
overseas  transmitter  in  the  pres¬ 
ence  of  12-volt  noise  peaks. 

A-F  Saturation-Type  Output  Limiter 

Control  of  the  saturation  level  of 
the  a-f  output  pentode  tube  at  vari¬ 
ous  screen,  plate,  and  control  grid 
voltages  provides  audio  output  lim¬ 
iting  action  without  use  of  addi¬ 
tional  tube  circuits  (Fig.  16) .  A 
low-pass  filter  (L^C^Ci)  filters  out 
distortion  produced  in  the  output 
stage;  its  cutoff  frequency  is  1,200 
cps,  and  hence  for  a  1,000-cps  tone 
signal  the  harmonics  wdll  be  filtered 
out  to  a  considerable  degree. 


The  control  grid,  screen,  and 
plate  voltages  in  this  limiter  are 
varied  by  a  double-pole  switch  that 
contacts  taps  on  resistors  and 
Rt.  The  voltages  thus  obtained 
maintain  the  gain  below’  saturation 
fairly  constant  for  all  switch  set¬ 
tings,  while  at  the  same  time  per¬ 
mitting  control  of  the  limiting 
level.  This  circuit  is  useful  for  c-w’ 
reception  only.  Below  limiting 
threshold,  there  is  a  change  in  gain 
of  about  3  db  for  a  20-db  range  of 
limiting  threshold.  It  is  highly  de¬ 
sirable  with  output  limiters  that  the 
gain  below’  limiting  threshold  re¬ 
main  as  nearly  constant  as  possible 
for  all  settings  of  the  threshold 
control. 

Modified  A-F  Saturation-Type  Limiter 

By  using  a  partly  fixed-bias  and 
partly  self-bias  arrangement  in  the 
cathode  circuit  of  the  output  tube, 
output  saturation  threshold  control 
is  obtained  in  the  circuit  of  Fig. 
17  by  varying  only  the  common  d-c 
plate  and  screen  grid  voltage  sup¬ 
ply  to  the  tube.  This  is  done  in 
steps  giving  changes  of  5  db  in 
output  limiting  level.  Resistor  R- 
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in  the  control  grid  circuit  of  the 
output  tube  reduces  a-c  loading,  and 
prevents  excessively  high  direct 
current  through  the  secondary 
winding  of  the  interstage  a-f  trans¬ 
former  when  rectification  occurs  in 
the  grid  circuit  of  the  output  tube. 
This  limiter  is  useful  for  c-w  re¬ 
ception  only.  There  is  some  loss 
in  gain  below  limiting  threshold  for 
the  lower  levels  of  limiting,  amount¬ 
ing  to  about  5  db  for  about  21  db 
of  threshold  adjustment. 

Interstage  A>F  Output  Limiter 

The  circuit  of  Fig.  18  obtains  its 
output  limiting  effect  in  the  a-f 
stage  preceding  the  output  stage, 
and  employs  some  degenerative 
feedback  to  the  limiting  amplifier 
from  the  output  amplifier  as  an  aid 
in  maintaining  the  gain  below  the 
limiting  threshold  as  nearly  con¬ 
stant  as  possible. 

Limiting  is  done  interstage  pri¬ 
marily  because  of  the  low  limiting 
level  of  60  microwatts  required  in 
this  case  for  the  minimum  thres¬ 
hold  value,  this  low  level  being 
difficult  to  obtain  with  the  audio 
output  tubes  usually  incorporated 
in  Navy  receivers.  For  a  limiting 
level  range  of  20  db,  this  circuit 
gives  a  change  in  gain  below  thres¬ 
hold  of  about  10  db,  and  a  change 
of  16  db  for  a  limiting  level  range 
of  30  db.  These  comparatively 
large  losses  in  gain  for  the  lower 
limiting  levels  are  due  to  the  low 
minimum  limiting  level  required. 

Full-Wove  Shunt  A-F  Output  Limiter 

Two  diodes  in  a  single  6H6  en¬ 
velope,  connected  interstage  as  in 
Fig.  19,  serve  as  a  full-wave  shunt 
type  of  audio  output  limiter.  One 
diode  shunts  plate  load  i2*  of  the 
interstage  a-f  amplifier  tube  for  the 


positive  and  the  other  for  the  nega¬ 
tive  half-cycles  of  the  audio  signal. 
The  diodes  are  biased  in  series  with 
a  d-c  voltage  obtained  from  Rj, 
which  thus  controls  the  threshold 
level  above  which  they  become  con¬ 
ductive  on  audio  peaks.  The  diode 
impedance  when  conducting  at  the 
usual  operating  audio  voltage  levels 
involved  averages  only  a  few  thous¬ 
and  ohms  (the  actual  value  depend¬ 
ing  mainly  on  the  resistance  of  that 
part  of  R,  between  the  variable  con¬ 
tact  and  ground,  plus  R,,  and  also  on 
the  audio  voltage  values),  so  that 
the  plate  load  of  the  preceding  am¬ 
plifier  drops  from  a  value  of  about 
250,000  ohms  below  limiting  thres¬ 
hold  to  perhaps  5,000  ohms  during 
limiting  action. 

With  a  high  plate-impedance 
tube,  such  a  load  change  will  pro¬ 
duce  about  30  db  less  amplification 
above  the  limiting  level  than  below 
it.  This  loss  of  amplification,  com¬ 
bined  with  normal  saturation  ef¬ 
fects  in  the  preceding  amplifier 
tube,  limits  the  output  peak  voltage 
to  a  value  that  cannot  exceed  the 
d-c  limiting  bias  of  R^  by  any  con¬ 
siderable  amount.  This  limiting 
system  is  considered  to  be  among 
the  best  of  the  audio  output  limiters 
for  c-w  reception.  For  a  limiting 
level  range  of  about  20  db,  the 
change  in  gain  below  limiting  thres¬ 
hold  is  only  2  or  3  db. 

Figure  20  shows  the  resonant 
overload  characteristics  of  this  type 
of  limiter  as  used  in  a  typical  re¬ 
ceiver.  The  change  in  gain  from 
LIMITER  OFF  to  ON  Condition  is 
caused  by  switching  out  a  pad  in 
the  a-f  amplifier  system. 

The  circuit  shown  in  Fig.  21  was 
used  to  investigate  the  possibility 
of  providing  output  limiting  with¬ 
out  serious  audio  distortion  by  vir¬ 


tue  of  exponential  nonlinear  re¬ 
sponse,  the  theory  being  that  a 
logarithmic  increment  in  output  for 
a  linear  increment  of  input  would 
not  cause  distortion  sufficient  to 
destroy  intelligibility. 

Logarithmic  Limiter  or  Compressor 

The  arrangement  consists  of  a 
two-stage  a-f  amplifier,  with  degen¬ 
erative  feedback  from  the  plate  cir¬ 
cuit  of  the  output  tube  to  the 
cathode  of  the  preceding  stage.  Two 
diodes  are  connected  in  series  with 
the  feedback  path,  in  such  a  way 
as  to  provide  a  path  for  both  posi¬ 
tive  and  negative  half-cycles  of  the 
feedback  voltage.  Potentiometer 
Rio  across  a  battery  provides  d-c 
bias  to  the  diodes  for  setting  the 
limiting  level.  The  diode  d-c  circuit 
resistance  is  kept  low  to  take  ad- 
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FIG.  20 — Resonant  overload  characteristics 
of  receiver  using  full-wave  shunt  a-f  out¬ 
put  limiter  on  c-w  operation  with  unmodu¬ 
lated  500-kc  input  and  l.OOO-cycle  output. 
Curves  continue  essentially  flat  out  to  2 
volts  input 


vantage  of  low  diode  internal  im¬ 
pedance  values  varying  at  an 
exponential  rate  with  applied 
voltage.  Using  the  diodes  in  this 
manner  as  feedback  impedances  is 
equivalent  to  varying  the  feedback 
percentage  from  a  low  value  to  a 
maximum  as  the  instantaneous 
feedback  voltage  rises,  with  the  re¬ 
verse  effect  as  the  instantaneous 
feedback  voltage  falls. 

When  the  instantaneous  feedback 
voltage  exceeds  the  region  relative 
to  diode  impedance  wherein  that 
impedance  is  effective  in  determin¬ 
ing  feedback  current,  the  circuit 
returns  to  linear  operation.  Within 
the  nonlinear  portions  of  the  output 
characteristic,  this  circuit  pro¬ 
duces  considerable  distortion  on 
speech  or  music  but  does  not  de¬ 
stroy  intelligibility.  Noise  inter¬ 
ference  is  reduced  substantially, 
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FIG.  21 — Logarithmic  limiter  or  compressor,  employing  two  diodes  in  the  degenerative 

feedback  path 


and  almost  as  effectively  in  some 
cases  as  with  a  series  noise-peak 
limiter,  if  the  desired  signal  is  kept 
within  the  first  linear  portion  of  the 
output  characteristic  while  noise 
peaks  extend  into  the  compressed 
region  beyond. 

Figure  22  shows  typical  char¬ 
acteristic  curves  obtained  with  this 
limiter  arrangement. 

Other  Limiter  Arrangements 

If  a  frequency-modulation  re¬ 
ceiver  employing  a  discriminator 
of,  perhaps,  the  Foster-Seeley  type 
is  tuned  to  amplitude-modulated 
signals,  two  peaks  of  maximum  re¬ 
sponse  will  usually  be  evident,  cor¬ 
responding  to  the  two  points  of 
maximum  discriminator  current. 
Since  the  two  halves  of  the  dis¬ 
criminator  characteristic  are  the 
result  of  the  differential  voltage  de¬ 
rived  from  two  opposing  detectors, 
the  noise  output  of  such  a  discrim¬ 
inator  will  be  relatively  low  with 
no  signal  input  as  compared  to  an 
ordinary  amplitude  detector  pre¬ 
ceded  by  the  same  amplifiers.  The 
discriminator  provides  a  somewhat 
better  signal-to-noise  ratio  on  an 
amplitude-modulated  signal  tuned 
to  one  of  the  peaks  of  discriminator 
response,  which  is  particularly  ap¬ 
parent  with  relatively  low  modula¬ 
tion  frequencies  (narrow  discrimi¬ 
nator  characteristic),  and  espe¬ 
cially  on  keyed  c-w  signals.  It 
should  be  noted  that  the  discrimina¬ 
tor  used  in  this  way  reduces  the 
useful  bandwidth  of  the  overall 
selectivity  characteristic  preceding 
it  to  about  half  of  what  it  would 
otherwise  be  with  the  usual  a-m 
detector. 

The  discriminator  may  be  fol¬ 
lowed  by  a  low-pass  filter  cutting  off 
at  about  200  or  300  cps  and  a  d-c 
amplifier  (capable  of  passing  up  to 
these  frequencies)  which  operates 
a  keyer  tube  controlling  a  local  tone 
oscillator.  Such  an  arrangement  is 
capable  of  providing  some  really 
startling  performance  on  keyed  c-w 
signals  in  the  presence  of  noise  in¬ 
terference  which  would  make  re¬ 
ception  with  the  usual  receiving 
system,  even  with  noise-peak  lim¬ 
iters,  absolutely  hopeless.  The  use 
of  the  local  keyer  circuit  eliminates 
one  of  the  two  peaks  of  reception, 
since  the  discriminator  output 
polarities  are  opposite  for  its  two 


maximum  response  points  and  the 
usual  keyer  tube  circuit  is  arranged 
to  respond  to  one  polarity  only.  This 
scheme  is  subject  to  various  disad¬ 
vantages  when  adapted  to  a  conven¬ 
tional  a-m  receiver,  such  as  com¬ 
plexity  and  rather  critical  operat¬ 
ing  adjustments,  but  within  its 
limitations  has  much  merit.  Figure 
23  is  typical  of  such  circuits.  The 
similarity  of  this  arrangement  to 
receiving  systems  for  frequency- 
shift  keyed  signals  is  evident. 

Using  an  f-m  discriminator  for 
a-m  reception  is,  of  course,  a  varia¬ 
tion  on  the  old  proposal  of  provid¬ 
ing  two  reception  channels,  one 
receiving  signal  plus  noise  and  the 
other  noise  only,  with  the  outputs 
of  the  two  channels  appropriately 
opposed  or  bucking.  This  proposal 
in  its  usual  form  does  not  work 
satisfactorily,  due  to  the  inherent 
difficulties  of  balance  between  such 
channels  and  the  difference  between 
them  in  decay  time  of  the  noise 
wave  trains.  The  success  (rather 
limited)  of  the  discriminator  ver¬ 
sion  is  mainly  due  to  having  a  very 
small  percentage  difference  in  fre¬ 
quency  between  discriminator  peaks 
of  response  as  compared  to  the 
proposal  mentioned,  to  inherently 
automatic  balance  when  the  dis¬ 
criminator  characteristic  is  sym¬ 
metrical,  and  to  the  single-channel 
amplifier  preceding  the  discrimina¬ 
tor. 

Various  other  modifications  of 
the  general  scheme  of  using  a  dis¬ 
criminator  on  a-m  reception,  some 
in  conjunction  with  noise-peak  and 
other  limiters,  have  been  evolved, 
and  preliminarj"  reports  have  indi¬ 
cated  that  considerable  noise  reduc¬ 
tion  effects  have  been  obtained. 


The  number  of  circuits  and  compo¬ 
nents  involved,  unfortunately,  ap¬ 
pears  to  have  resulted  in  much 
additional  bulk  and  complexity. 

Thermionic  Diode  Characteristics 

A  diode  of  the  thermionic  type 
may  be  considered,  for  the  purposes 
of  this  report,  as  a  unidirectional 
variable  resistor  in  series  with  an 
internally  generated  d-c  potential 
due  to  cathode  emission.  For  in¬ 
stance,  in  the  6H6  type  of  diode, 
this  apparent  internal  potential  ap¬ 
pears  to  be  about  1.2  volts  and  of 
such  polarity  as  to  result  in  electron 
flow  from  cathode  to  plate  within 
the  tube  when  the  external  plate-to- 
cathode  path  is  completed.  The 
effective  value  of  the  internal  series 
resistance  depends  on  both  the  d-c 
circuit  resistance  external  to  the 
diode  and  the  external  applied 
voltage. 

If  there  is  an  external  d-c  cir¬ 
cuit  resistance  of  1  megohm,  for 
example,  the  internal  resistance  of 
each  6H6  diode  is  in  the  neighbor¬ 
hood  of  600,000  ohms  when  1  volt 
positive  external  potential .  is  ap¬ 
plied  to  the  plate  (as  by  a  rising 
noise-peak),  while  at  10  volts  it  is 
about  35,000  ohms,  as  shown  in 
Fig.  24.  The  curve  is  dra\vn  as  an 
average  of  quite  widely  scattered 
measured  values. 

Thus  the  measured  shunting  ef¬ 
fect  of  the  limiter  diode  is  not  very 
appreciable  in  a  circuit  like  that 
of  Fig.  11  until  the  noise  peak 
voltage  appearing  across  it  ap¬ 
proaches  10  volts.  With  a  1-volt 
desired  signal  also  appearing  across 
the  detector  diode  load,  it  would 
seem  to  the  operator  as  though  the 
limiter  were  not  functioning.  In 
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addition,  during  the  period  in  which 
the  limiter  diode  internal  im¬ 
pedance  is  low,  it  provides  a  path 
effectively  shunting  out  the  resis¬ 
tance  in  the  long  time-constant 
circuit  in  Fig.  11),  thereby 

accelerating  the  charging-up  of  Ci. 
As  the  voltage  across  Cj  approaches 
that  appearing  between  the  limiter 
cathode  and  ground,  limiting 
ceases.  From  these  considerations, 
it  is  apparent  that  the  shunt-diode 
type  of  limiter  will  be  peculiarly 
vulnerable  to  the  modulation  en¬ 
velope  set  up  by  the  longer  wave- 
trains  of  interference  occurring 
at  the  lower  frequencies  for  a  given 
pulse  of  excitation  at  the  antenna. 

Inserting  a  . suitable  value  of  re¬ 
sistor  in  series  with  the  limiter 
cathode,  as  in  Fig.  12,  will  extend 
the  charging  time  of  C,  when  the 
limiter  diode  impedance  is  low,  in 
addition  to  providing  voltage 
divider  action  relative  to  the  suc¬ 
ceeding  a-f  amplifier.  It  is  for 
these  reasons  that  the  ,  circuit  of 
Fig.  12  out-performs  the  simple 
shunt  limiter  so  greatly,  although 
only  approaching  the  performance 
of  the  simple  series  limiter. 

The  series  type  limiter  operates 
to  open  the  circuit  to  the  a-f  ampli¬ 
fier.  Once  the  internal  potential 
of  the  limiter  diode  itself  plus  the 
external  no-signal  potential  applied 
to  this  diode  by  the  associated  de¬ 
tector  diode  has  been  overcome  (as 
it  may  be  by  a  relatively  weak 
signal  or  even  by  inherent  receiver 
noise),  further  negative  biasing  of 
the  limiter  diode  by  a  noise  peak 
will  open  it,  so  that  it  becomes,  in 
effect,  an  extremely  high  resistance, 
resulting  in  practically  no  signal 
being  transmitted  to  the  succeed¬ 
ing  .  a-f  amplifier.  Precautions 
should  be  taken  to  avoid  shunting 
the  limiter  diode  by  the  stray  ca¬ 
pacitance  of  wiring,  switches,  etc. 
Since  the  diode  is  open  on  noise 
peaks,  it  will  not  shunt  the 
resistance  of  the  long  time-constant 
circuit  (RiCs  in  Fig.  1)  and  so  will 
not  abrogate  the  functioning  of 
that  part  of  the  limiter.  This 
characteristic  makes  it  of  great 
value  even  in  receivers  designed 
for  as  low  as  15-kc  carriers. 

Where  it  is  of  importance,  the 
diode  internal  potentials  which  may 
delay  functioning  of  the  series  lim¬ 
iter  in  the  presence  of  very  weak 


signals  may  be  bucked-out  by,  for 
instance,  a  suitable  battery  in  series 
with  the  limiter  cathode  resistor. 
It  should  be  noted  that  shunting 
this  cathode  resistance  with  any 
substantial  value  of  capacitance  in 
an  attempt  to  obtain  a  capacitance 
voltage-divider  for  the  open  condi¬ 
tion  of  the  limiter  diode  should  be 
avoided,  as  it  generally  results  in 
increased  distortion  of  the  desired 
signal. 

On  weak  signals,  the  insertion 
loss  of  the  series  limiter  is  per¬ 
haps  3  db,  while  on  strong  signals 
there  is  practically  no  such  loss. 
By  insertion  loss  is  meant  the 
change  in  desired-signal  gain  of  the 
receiver  when  switching  from 
LIMITER  OFF  to  ON  condition,  as 
measured  with  signal  modulation 
percentage  below  the  threshold  of 
limiting.  In  the  absence  of  noise 
peaks  exceeding  the  preset  thres¬ 
hold  of  limiter  action,  the  limiter 
diode  is  biased  to  closed  condition 
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FIG.  22 — Typical  characteristic  curves  ior 
receiver  using  logarithmic  limiter,  with 
1,000-cycle  a-f  input 


by  a  relatively  low  external  voltage 
when  a  weak  signal  is  present,  re¬ 
sulting  in  a  high  value  of  internal 
resistance  in  this  diode,  with  atten¬ 
uation  of  input  to  the  succeeding 
amplifier  by  voltage  divider  action. 
On  a  strong  desired  signal,  how¬ 
ever,  the  external  diode  biasing 
voltage  is  much  higher,  with  much 
lower  diode  internal  resistance,  and 
the  insertion  loss  is  minimized. 

Crystal  Diodes 

Diodes  of  the  crystal  type  may 
be  utilized  in  place  of  the  thermio¬ 
nic  type  in  the  various  limiter  cir¬ 
cuits  designed  for  diode  use.  For 
such  purposes,  the  crystal  must  be 
capable  of  operation  without  dam¬ 
age  at  relatively  high  impressed 


voltages  and  fairly  large  instanta. 
neous  currents.  Crystals  of  the 
silicon  and  similar  varieties  are 
therefore  unsuitable,  due  to  their 
inadequate  voltage  and  current 
handling  capabilities,  but  germa¬ 
nium  crystals  may  be  considered 
for  such  service.  It  should  be  re¬ 
membered,  however,  that  the  vari¬ 
ous  crystal  diodes  have  relatively 
low  back  resistance  compared  with 
thermionic  diodes,  and  also  that 
their  inverse  current  characteris¬ 
tics  have  peculiarities  of  slope  that 
cannot  be  neglected  in  some  applica¬ 
tions.  Further,  since  the  back- 
resistance  is  relatively  unaffected 
by  the  d-c  load  resistance  with 
which  the  crystal  is  used,  while  the 
forward  resistance  increases  with 
increased  load  resistance,  the  actual 
values  of  resistance  incorporated 
in  limiter  circuits  using  crystal 
diodes  become  of  prime  importance 
in  determining  limiter  effective¬ 
ness.  The  temperature-sensitivity 
of  crystal  diodes  will  also  have  to  be 
seriou.sly  considered  for 
applications. 
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In  general,  it  is  desirable  to  have 
control  of  the  a-f  gain  following 
instantaneous  limiters  of  any  type. 
This,  of  course,  is  normal  for  AVC 
ON  operation,  but  should  also  be 
true  for  avc  off  or  c-w  operation. 
The  shunt  limiters  operate  better 
with  low  a-f  gain  following,  and 
with  a  high  r-f  input  level  at  the 
associated  detector.  The  series 
diode  limiters  are  usually  inopera¬ 
tive,  as  regards  limiting,  until  their 
internal  diode  potentials  are  ex¬ 
ceeded,  something  also  most  readily 
accomplished  with  the  highest  pos¬ 
sible  signal  input  to  the  detector. 

Progressive  Limiting  in  Amplifiers 

All  amplifiers  are,  of  course,  lim¬ 
iters  as  their  maximum  output 
capabilities  are  approached.  Ad¬ 
vantage  can  be  taken  of  this  char¬ 
acteristic  to  prevent  blocking,  or  a 
decrease  of  signal  output  from  a 
receiver  with  increasing  input  dur¬ 
ing  AVC  OFF  operation.  The  average 
r-f  pentode  of  the  semiremote  or 
remote  cutoff  type  will  withstand 
an  r-f  input  of  about  10  times  the 
value  required  to  just  initiate  ap¬ 
preciable  overload  before  its  maxi¬ 
mum  output  begins  to  drop.  For 
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example,  by  appropriate  choice  of 
plate  load,  it  is  possible  even  with 
normal  d-c  electrode  potentials  to 
have  the  i-f  amplifier  preceding  a 
last  i-f  stage  begin  to  overload  be¬ 
fore  the  last  i-f  stage  begins  to 
block,  to  have  the  amplifier  preced¬ 
ing  the  next-to-last  begin  to  over¬ 
load  in  its  turn,  etc. 

With  five  properly  designed  i-f 
or  r-f  stages  preceding  the  final 
detector,  for  instance,  it  is  possible 
to  provide  satisfactory  protection 
against  blocking  in  this  way  over  a 
range  of  about  five  orders,  or  100,- 
000  times  the  input  which  initiates 
overloads  of  the  last  i-f  stage. 
While  of  maximum  utility  on  c-w 
operation,  such  a  characteristic  will 
also  be  of  use  on  mew  operation 
with  avc  off,  since  even  though 
distortion  of  voice  signals  is  very 
high,  their  presence  will  neverthe¬ 
less  be  evident.  This  means  can 
also  be  very  useful  in  protecting 
detectors  and  audio  limiters  against 
excessive  overdrives  which  tend  to 
abrogate  their  characteristics. 

Linear  Detection 

Linear  detection  is  to  be  pre¬ 
ferred  for  the  final  detector  stage, 
not  only  for  the  reasons  of  low  dis¬ 
tortion  and  discrimination  against 
weak  undesired  signals  in  the 
presence  of  relatively  stronger  de¬ 
sired  ones,  but  also  because  of  be¬ 
havior  with  regard  to  noise.  In  the 
linear  region  of  detection,  increase 
in  the  signal  input  level  to  the  de¬ 
tector  will  not  be  accompanied  by 
substantial  increase  in  the  noise 


output  due  to  internal  noise  modu¬ 
lation  of  the  carrier  within  the  re¬ 
ceiver,  a  highly  desirable  condition. 

Desirable  A-F  Amplifier  Characteristics 

The  frequency  response  of  the 
a-f  amplifier  following  the  detector 
should  be  restricted  to  a  range  not 
exceeding  the  requirements  for 
satisfactory  voice  reproduction,  or 
the  fidelity  permitted  by  the  selec¬ 
tivity  preceding  the  final  detector, 
whichever  is  the  lesser.  The  high- 
frequency  cut-off  for  good  voice 
intelligibility  is,  however,  about 
3,500  cps,  and  the  selectivity  pre¬ 
ceding  the  detector  should  not,  in 
general,  abrogate  this  requirement. 

Audio  systems  which  have  poor 
transient  reproduction  characteris¬ 
tics  may  tend  to  magnify  the  effects 
of  noise  pulses.  The  tendency 
toward  damped  oscillations  or  hang¬ 
over  on  sharp  peaks  of  input  in 
such  systems  may  be  reduced  by 
the  use  of  low-impedance  output 
tubes  ( triodes)  or  by  a  sufficient 
degree  of  degenerative  feedback 
from  the  output,  and  al.so  by  the 
provision  of  properly  designed 
output  transformers,  properly 
loaded. 

Circuit  Diagrams 

The  circuit  diagrams  in  this  re- 
l)ort  have  been  prepared  with  the 
intent  of  showing,  as  clearly  as  pos¬ 
sible,  the  circuit  configurations  in 
their  most  readily  comprehensible 
form.  It  has  been  the  author’s  expe¬ 
rience  that  this  is  absolutely  essen¬ 
tial  for  an  understanding  of  limiter 


FIG.  24 — Diode  internal  resistance  at  va¬ 
rious  external  load  resistances  and  applied 
d-c  potentials,  ior  a  6H6  diode  element. 
Values  are  derived  on  basis  oi  1.2  volts 

diode  apparent  internal  potential 

circuits  particularly,  and  seemingly 
novel  circuit  arrangements  have 
often  revealed  their  similarity  to  or 
identity  with  one  of  those  covered 
in  this  report  upon  redrawing. 

Conclusions 

From  the  overall  viewpoint  of 
simplicity,  effectiveness,  and  low 
distortion,  the  series-type  noise- 
peak  limiter  appears  to  be  the  best 
choice  for  mew  operation,  while 
from  the  standpoint  of  effective 
limiting,  minimum  change  of  gain 
below  limiting  threshold  over  a 
wide  threshold  range,  and  relative 
simplicity,  the  full-wave  a-f  shunt 
output  limiter  appears  best  for  c-w 
operation.  The  former  may  be 
combined  with  the  latter  for  even 
more  effective  operation  on  c-w 
signals. 

It  should  be  remembered  that  no 
limiter  is  a  cureall.  When  noise- 
peaks  do  not  substantially  exceed 
the  desired  carrier  peak  values  and 
occur  so  frequently  that  they  fill  in 
the  modulation,  only  some  of  the 
very  elaborate  limiter  arrange¬ 
ments,  such  as,  for  instance,  the 
discriminator-keyer  combination 
types  for  c-w  reception,  will  afford 
any  considerable  degree  of  relief. 
Within  their  inherent  limitations, 
however,  those  limiters  recom¬ 
mended  a'bove  can  be  very  useful 
additions  to  the  communication  re¬ 
ceiver,  and  also  to  the  broadcast 
receiver  which  must  work  under 
conditions  of  high  ambient  static 
or  similar  disturbances. 
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PROBLEM 


Vancouver  radio  stations,  a  British  Columbia  engineering  firm,  and  the  RCAF  pooled 
their  technical  resources  to  provide  audio  facilities  for  the  city’s  60th  anniversary 
celebration.  Placement  of  microphones  to  cover  a  520  by  125-foot  stage  and  arrangement 
of  speakers  to  blanket  a  525  by  200-foot  audience  area  is  discussed 


By  A.  B.  ELLIS  and  JAMES  P.  GILMORE 

Regional  Engineer,  Senior  Broadcast  Operator,  CBR 


Canadian  Broadcasting  Corp., 
Vancouver,  B.  C. 


FIG.  1 — Block  diagram  of  the  complete  sound  equipment  installation 


FIG.  2 — Plan  of  the  area  which  was  covered,  showing  the  placement  of  microphones. 

speakers,  and  the  control  tower 


During  the  summer  of  1946, 
Vancouver  celebrated  the 
60th  anniversary  of  its  incorpora¬ 
tion.  Among  many  events  planned 
by  the  citizens’  Diamond  Jubilee 
Committee  was  one  which  presented 
a  number  of  interesting  technical 
problems  to  a  group  of  radio  and 
sound  men  in  the  city.  This  was 
the  Jubilee  Show,  a  presentation  of 
pageantry,  which  due  to  its  magni¬ 
tude  could  only  be  staged  out  of 
doors  and  yet  required  treatment 
similar  to  that  given  radio  produc¬ 
tions  in  a  studio. 

It  will  be  the  aim  of  this  paper 
to  outline  the  operations  under¬ 
taken  and  to  present  some  of  the 
problems  encountered  and  the  solu¬ 
tions  evolved,  in  the  hope  that  it 
may  act  as  a  guide  for  future  enter¬ 
prises  of  this  type. 

Requirements 

Study  of  the  blueprints  for  an 
outdoor  theatre  to  be  constructed  at 
Brockton  Point  in  Stanley  Park  re¬ 
vealed  the  unusual  extent  of  the 
technical  facilities  which  would  be 
required.  Microphone  coverage 
would  have  to  be  provided  for  a 
stage  with  a  frontage  of  520  feet. 
This  would  include  coverage  of  an 
upstage  area  extending  along  a 
grass  slope  behind  the  stage  proper 
to  a  depth  of  125  feet.  Sound 
projection  would  have  to  cover  an 
audience  area  extending  along  a 
525-foot  front  to  a  depth  of  200 
feet,  seating  12,700  persons.  The 
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One  corner  of  the  giant  outdoor  stage,  as  seen  from  the  roof  of  the  the  control  tower,  and  showing  the  integral  road  over  which  heavy 
equipment  taking  part  in  the  pageant  was  moved  on  and  off  stage.  Figure  2  shows  the  entire  area 


requirements  clearly  indicated  that 
if  the  desired  results  were  to  be 
obtained,  the  equipment  employed 
would  have  to  maintain  broadcast 
quality  throughout. 

The  plans  were  considered  by  the 
radio  stations  of  Vancouver  with 
the  view  of  obtaining  experienced 
broadcast  technicians  to  handle  the 
job.  The  Canadian  Broadcasting 
Corporation’s  studios  arranged  to 
loan  one  of  its  experienced  program 
technicians,  some  sound  mixing 
equipment,  and  a  sound  effects  mul¬ 
tiple  turntable  unit.  Also,  through 
its  network  operations  office,  the 
CBC  provided  the  remainder  of  the 
sound  mixing  equipment  and  mis¬ 
cellaneous  parts. 

At  this  point  it  was  apparent  that 
additional  outside  help  would  be 
required  and  that  someone,  giving 
his  full  time  to  the  work,  would 
have  to  be  placed  in  charge  of  all 
technical  arrangements  to  coordi¬ 
nate  and  expedite  them.  The  Royal 
Canadian  Air  Force  supplied  this 


man  in  the  person  of  Wing  Com¬ 
mander  Kenneth  Cameron,  who  was 
formerly  chief  engineer  of  CKRC 
Winnipeg. 

Although  sound  mixing  equip¬ 
ment  was  available,  no  adequate 
sound  projection  equipment  was  ob¬ 
tainable  in  the  city.  A  contract 
was  awarded  the  Dominion  Sound 
Company  when  it  was  found  that 
they  could  import  a  sufficient  num¬ 
ber  of  large  theater  projection 
units  with  the  necessary  amplifiers, 
in  addition  to  15  microphones. 

Equipment 

A  functional  description  of  the 
entire  system  now  will  be  under¬ 
taken  and  the  reader  is  referred 
to  Fig.  1. 

Thirteen  stage  microphones,  one 
commentator’s  microphone  and  two 
turntable  units  were  connected  to 
the  inputs  of  two  CBC  portable 
mixers.  These  provide  approxi¬ 
mately  90-db  gain.  The  outputs  of 
the  two  mixer  units  were  fed 


separately  into  two  of  the  four  line 
amplifiers  in  a  CBC  portable  master 
control  unit.  The  outputs  of  the 
two  amplifiers  receiving  feeds  from 
the  mixers  were  coupled  together. 
The  other  two  amplifiers  in  the  con¬ 
trol  unit  were  bridged  on  these  to 
give  two  isolated,  separately  con¬ 
trollable  feeds  of  the  complete 
program.  One  of  these  feeds  was 
supplied  to  the  sound  projection 
amplifiers  and  the  other  was  used 
to  feed  the  monitor  system  in  the 
control  rooms. 

Sound  projection  was  accom¬ 
plished  by  the  use  of  two  Northern 
Electric  R4079A  amplifiers  feeding 
seven  R4080A  power  ampli¬ 
fiers.  The  output  of  each  power 
amplifier  was  terminated  in  a  high- 
frequency  dividing  network  to  feed 
an  Altec  Lansing  type  H210  low- 
frequency  horn  and  a  type  288 
high-frequency  unit.  Six  of  these 
double  projectors  w’ere  used,  leav¬ 
ing  one  power  amplifier  as  a  spare. 
The  sound  projectors  themselves 
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were  set  in  the  apron  of  the  stage 
at  regular  intervals  on  each  side 
of  center  stage.  The  separation  of 
the  two  center  units  was  increased 
slightly  to  allow  for  placement  of 
pit  microphones. 

All  the  microphones  used  were 
Western  Electric  type  639A  car- 
dioids.  These  were  used  in  the 
cardioid  setting  on  all  occasions 
except  one.  The  extreme  up-stage 
left  microphone  located  on  the  top 
of  the  grass  slope  was  subject  to 
considerable  wind  sweeping  in  from 
the  harbor  entrance.  This  micro¬ 
phone  was  set  on  the  dynamic  con¬ 
dition  with  optimum  results. 

Turntables  were  used  for  sound 
effects  reproduction  of  domestic  and 
transcribed  sequences.  One  Presto 
K8  turntable  recorder  was  utilized 
for  78-rpm  reproduction,  and  one 
NE  5A  unit  was  used  for  16-inch 
transcriptions  at  33J-rpm. 

Installation 

The  heaviest  job  in  installation 
was  the  laying  of  microphone  and 
speaker  cable.  All  the  mixing  equip¬ 
ment  was  mounted  in  trunks  with 
removable  fronts  and  backs  and 
could  be  quickly  set  up  and  termi¬ 
nated.  The  sound  projection  ampli¬ 
fiers  were  rack  mounted  and 
required  a  minimum  of  labor  after 
initial  connections  had  been  com¬ 
pleted.  However,  the  cable-laying 
process  was  another  matter. 

The  blueprints  revealed  that  lines 
for  microphone  positions  would 
have  to  be  laid  for  a  total  of  5,430 
feet  in  lengths  varying  from  550 
feet  to  215  feet.  This  is  illustrated 


in  Fig.  2.  The  work  was  accom¬ 
plished  by  three  men,  a  jeep  and 
some  walkie-talkie  equipment.  The 
latter  provided  invaluable  assis¬ 
tance  in  checking  the  cables  from 
one  location  to  another  over  dis¬ 
tances  which  were  too  great  for  the 
voice  to  carry.  The  lines  were  first 
laid  out,  cut  and  labeled.  Then  the 
jeep  was  utilized  to  haul  them  to 
the  front  of  the  seating  area’  and 
into  position.  Microphone  lines 
then  were  brought  to  their  labeled 
positions  individually  and  termi¬ 
nated  in  junction  boxes.  Three 
spare  lines  were  pulled  in  and 
terminated  at  center  stage.  Due 
to  later  production  changes  and 
additional  facilities  required,  all  of 
the  spares  were  used. 

The  final  phase  of  the  installa¬ 
tion  was  the  laying  up  to  the 
control  tower  of  the  microphone 
lines  and  the  speaker  cables.  This 
was  done  along  a  five-foot  wide 
duct.  The  low-level  lines  were 
cabled  roughly  and  kept  to  one  side 
of  the  duct,  while  speaker  lines  oc¬ 
cupied  the  opposite  side.  No  trouble 
in  isolation  was  experienced. 

The  ground  system  required  very 
careful  attention.  Rain  was  a  con¬ 
tinuous  problem  throughout  both 
installation  and  early  production 
periods,  making  open  conductor 
ends  subject  to  considerable  mois¬ 
ture  with  consequent  tendencies 
towards  transmission  to  ground  at 
audio  frequencies.  The  ultimate 
success  of  the  system  required  two 
of  the  longer  lines  used  on  input 
positions  to  be  individually  ground- 
staked.  In  addition,  all  control  room 


equipment  was  brought  to  two 
ground  stakes,  two  feet  apart. 

The  lighting  of  an  outdoor  area 
of  this  size  from  200  feet,  which 
was  the  distance  from  control  tower 
to  stage,  was  rather  a  large  project. 
About  600  kilowatts  was  under  con¬ 
trol,  resulting  in  considerable 
voltage  drop  in  the  power  circuits 
when  full  lighting  load  was  applied 
so  that  voltage  regulators  were 
necessary  on  all  audio  facilities. 

Facilities 

Final  plans  for  the  control  tower 
provided  for  two  15  x  27-ft.  control 
rooms,  pictured  ‘  in  Fig.  3.  One 
was  to  be  occupied  by  the  director 
general  and  his  staff,  the  lighting 
control  and  communications  center. 
The  second  housed  the  sound  sys¬ 
tem  with  the  mixers  located  for¬ 
ward  on  a  shelving  along  the 
entire  front  of  the  plate  glass 
window^s,  affording  the  control 
operator  a  view  of  the  entire  area. 
High-level  amplifiers  w^ere  located 
towards  the  back  of  the  room  to  the 
left  of  the  control  position.  The 
recorded  sound  equipment  occupied 
the  right-hand  postion  of  the  shelv¬ 
ing  so  that  its  operator  was  con¬ 
veniently  close  to  the  program 
control  operator  at  all  times. 

A  commentator’s  cubicle,  glass 
fronted,  was  constructed  between 
the  double-bay  fronts  of  the  two 
control  rooms.  This  gave  the  com¬ 
mentator  a  wide  view  of  the  stage 
area  and  direct  communication 
with  both  director  and  program 
operator. 

The  sound  control  room  was 


FIG.  3 — (Left)  Exterior  of  the  Vancouver  Diamond  Jubilee  show  control  tower.  The  far  windows  enclose  the  director's  room,  the 
near  windows  are  those  of  the  sound  control  room,  and  the  cubicle  between  the  two  rooms  was  used  by  a  commentator.  The  speaker 
(not  part  of  the  main  sound  system)  wos  used  to  convey  directions  to  the  stage.  (Right)  Interior  of  the  sound  control  room  showing, 
left  to  right,  one  corner  of  the  power  amplifier  bays,  master  control  unit,  the  two  mixers,  and  the  two  turntables 


acoustically  treated  with  four 
inches  of  rock  wool  lining,  giving 
excellent  dampening  and  isolation. 
The  monitor  speaker  was  mounted 
above  the  control  position,  giving 
a  good  indication  to  the  program 
and  recorded  sound  elfects  opera¬ 
tors,  for  balance  and  cueing 
purposes. 

Operation 

The  production  of  the  show  itself 
presented  a  number  of  interesting 
situations  not  envisioned  in  the 
original  planning.  Forty-three 
hundred  persons  were  involved  in 
the  various  sequences,  opening  with 
the  colorful  portrayal  on  stage  and 
across  the  horizon  of  the  coming  of 
the  early  explorers  and  their  meet¬ 
ing  with  the  Indians,  and  con¬ 
tinuing  through  to  the  parades  of 
civic  apparatus  and  industrial 
machinery.  In  these  latter  scenes 
considerable  trouble  was  antici¬ 
pated  in  the  transmission  of  heavy 
vibration  along  the  microphone 
stands. 

The  roadway  along  which  fifteen- 
ton  log  carriers,  earth  movers  and 
heavy  pieces  of  fire  apparatus 
moved  w^as  constructed  upstage 
(see  photograph  and  Fig.  2)  and 
was  physically  a  part  of  the  stage 
itself.  Eighteen-inch  square  ply- 
board  bases  were  bolted  to  the 
bases  of  the  microphone  stands  as 
shown  in  Fig  4.  Two-inch  square 
kelder  pads  were  glued  to  the  four 
corners  of  the  plywood  sub-base, 
providing  sufficient  shock  absorp¬ 
tion  to  cut  the  vibration  effects 
to  a  point  where  no  trouble  was 
experienced. 

Another  technique  illustrated  in 
the  figure  is  the  method  employed 
to  keep  the  microphone  cable  off 
the  stage  area,  where  it  would 
interfere  with  motor  vehicles  and 
dancers  moving  through  the  vari¬ 
ous  scenes  in  the  show.  Three-inch 
holes  were  drilled  through  the 
stage  and  the  microphone  cable 
dropped  through  to  the  junction 
boxes  directly  beneath  each  posi¬ 
tion.  All  cable  was  thus  concealed. 

Mention  of  the  dancers  brings  up 
one  of  the  most  critical  of  the 
production  problems  encountered. 
This  was  the  inability  of  the  sev¬ 
eral  ballet  groups  in  scenes  of  the 
cavalcade  of  Vancouver’s  history 
to  hear  their  orchestral  accom- 
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FIG.  4 — Closeup  oi  microphone  stand  base, 
tilted  to  show  how  this  wooden  base  was 
bolted  to  the  stand  itself  and  shock-in¬ 
sulated,  and  how  cables  were  carried 
through  the  stage  floor 
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FIG.  1 — (A)  Basic  circuit  of  high  input 
impedance  amplifier,  and  (B)  equivalent 
circuit 


WHEN  A  DIRECT-CURRENT  AM¬ 
PLIFIER  is  used  to  amplify 
extremely  small  currents,  the  high 
input  resistance  in  conjunction 
with  the  inherent  input  capacitance 
introduces  a  large  time  constant 
that  will  not  allow  the  amplifier  to 
respond  to  rapid  changes. 

In  typical  electrometer  vacuum 
tube  circuits  such  as  are  used  to 
measure  ion  current  in  a  mass  spec¬ 
trometer  tube  or  an  ionization 
chamber,  the  input  resistor  usually 
is  of  the  order  of  magnitude  of  10“ 
ohms.  With  an  input  capacitance  of 
only  twenty  micromicrofarads  this 
resistance  would  produce  a  time 
constant  of  two  seconds.  Hence  any 
rapid  variations  in  ion  current 
would  not  appear  at  the  output  of 
the  amplifier. 

Transient  Response 

The  effect  of  the  large  time  con¬ 
stant  can  be  reduced  by  using  a 
high  gain  direct-current  amplifier 
and  feeding  all  of  the  output  volt¬ 
age  back  into  the  input  circuit.  Par- 

•Tlip  investipation  on  which  this  oaoer  is 
tiascd  was  made  while  the  author  was  on 
leave  of  absence  from  A.  and  M.  Colleee  of 
Texas  to  the  Westinghouse  Research  Labo- 
ra  tories. 


Application  of  negative  feedback  to  high  impedance  input 
circuits  of  direct-current  amplifiers  reduces  the  time  con¬ 
stant,  thereby  increasing  the  rapidity  of  response.  One 
such  circuit  is  analyzed,  curves  are  presented,  and  a  typical 

amplifier  is  described 

By  HAROLD  A.  THOMAS’i^ 

Electrical  Engineering  Department 
Agricultural  and  Mechanical  College  Texas 
College  Station,  Texas 


tial  negative  feedback  has  been  used 
extensively  for  improving  the  re¬ 
sponse  of  a-c  amplifiers.  Negative 
feedback  has  even  greater  advan¬ 
tages  in  the  d-c  electrometer  ampli¬ 
fier.  While  voltage  gain  is  reduced 
to  unity  if  the  voltage  feedback  is 
100  percent,  current  gain,  linearity, 
stability,  and  speed  of  response  are 
greatly  increased.  Full  negative 
feedback  has  the  additional  advan¬ 
tage,  as  pointed  out  by  Hippie  and 
Grove\  of  reducing  grid  swing  on 
the  input  stage,  thus  allowing  the 
use  of  a  higher  value  of  input  re¬ 
sistor  because  the  grid  current  can 
then  be  held  closer  to  zero. 

Consider  the  feedback  amplifier 
circuit  shown  in  Fig.  lA:  C  repre¬ 
sents  the  inherent  capacitance  of 
the  input  circuit,  R  the  input  resis¬ 
tor,  A  the  gain  of  the  amplifier  with¬ 
out  feedback,  and  Ri,  the  resistance 
of  the  amplifier  output  circuit  in¬ 
cluding  the  load.  The  voltage  e, 
actually  applied  to  the  amplifier  is 
equal  to  the  difference  between  the 
voltage  developed  across  R  and  the 
output  voltage  e,,.  Because  Rl  is 
usually  very  small  compared  to  R, 
a  simple  equivalent  circuit  shown  in 
Fig.  IB  may  be  drawn. 


If  the  input  current  changes 
abruptly  from  zero  to  some  value  /«, 
then  the  output  voltage  will  rise  ex¬ 
ponentially  to  a  value 

Cl  =  —Rh- — ; — r'^Rh 
1  +  A 

U  A  »  1 

A  transient  solution  of  the  equiv¬ 
alent  circuit  shown  in  Fig.  IB  for 
an  abruptly  applied  current  h  gives 

^  (1) 
If  A  >  >  1  this  equation  reduces  to 
CL  =  — RIo  ^1  —  (2) 

which  shows  that  the  output  volt¬ 
age  rises  exponentially  to  the  value 
RIo.  Furthermore,  if  a  time  t  = 
RC/A  be  chosen  as  the  new  time 
constant,  designated  as  Tf,  then 
substituting  this  value  of  time  in 
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FIG.  2 — Normalized  transfer  characteristic 
of  input  circuit 
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Input  Circuits 


Eq.  2  shows  that  the  output  voltage 
will  rise  to  63.2  percent  of  its 
final  value  in  a  length  of  time  Tf 
seconds.  Because  this  percent  of  rise 
is  the  basis  for  the  time  constant  of 
a  circuit  without  feedback,  then  evi¬ 
dently  100  percent  negative  feed¬ 
back  reduces  the  time  constant  of 
the  input  circuit  by  the  factor  1/A. 


Frequency  Response 

It  is  desirable  to  determine  the 
frequency  response  of  an  electrom¬ 
eter  amplifier  to  an  input  current 
that  is  varying  sinusoidally.  The 
input  current  /«  may  be  replaced  by 
the  effective  value  7  of  a  current 
wave  expressed  by  io  =  I  max  sin  wf 
and  the  other  currents  and  voltages 
shown  may  also  be  replaced  by  ef¬ 
fective  values :  h,  h,  E„,  Ec,  and  El. 
A  vector  treatment  of  the  equiva¬ 
lent  circuit  will  then  give  the  solu¬ 
tion 


El 


— /«(! 


1  -  ju)  (RC/A) 


) 


(3) 


+  J^{RC/A)^ 

Letting  (RC/A)  =  Tf,  the  time  con¬ 
stant  of  the  input  circuit  with  100 
percent  negative  feedback,  and  ex¬ 
pressing  the  complex  expression  of 
Eq.  3  in  terms  of  its  magnitude  and 
phase  angle  there  results 


\El\  =  IRdL±J£lL  (4) 
1  -f  0)2  T/* 

and  the  phase  angle  of  El  is  (f>  =. 

The  relative  response  is 

^  _  Vl  +  0,2  Tr 

IR  -TwTy" 

If  the  relative  response  and  the 
phase  angle  are  plotted  as  functions 
of  iiiTf,  the  resulting  response 
curves  are  universal  curves  and  can 
be  used  to  determine  the  response 
and  phase  shift  for  any  given  set  of 
circuit  constants  with  very  little 
calculation  involved.  Such  a  set  of 


response  curves  are  shown  in  Fig.  2. 
Note  that  for  the  value  of  wT,  =  1 
the  response  is  down  to  0.707  of  its 
zero  frequency  value  and  the  phase 
shift  is  45  degrees. 

Practical  Application 

In  the  development  of  the  above 
equations  it  was  assumed  that  the 
d-c  amplifier  itself  had  reasonably 
high  gain  and  that  its  phase-shift 
(other  than  the  180  degrees  re¬ 
quired  for  negative  feedback)  was 
negligible  compared  to  that  of  the 
high-resistance  input  circuit.  Fur¬ 
thermore,  the  distributed  capaci¬ 
tance  of  the  input  resistor  was  neg¬ 
lected.  These  conditions  are  not 
difficult  to  attain  in  actual  practice 
but  it  should  be  kept  in  mind  that  at 
some  higher  frequency  the  total 
phase-shift  around  the  circuit  may 
produce  positive  feedback  and  con¬ 
sequent  oscillations.®  Theory  and 
practice  both  indicate  that  this  un¬ 
desirable  condition  can  be  elimi¬ 
nated  by  putting  a  low-pass  filter 
across  one  of  the  stages  of  the  am¬ 
plifier.  Simply  connecting  a  ca¬ 
pacitor  of  the  proper  value  from  the 
plate  of  one  of  the  stages  to  ground 
will  usually  accomplish  the  desired 
result. 

It  is  also  desirable  to  design  the 
complete  amplifier  so  that  high  gain 
is  realized  in  one  of  the  early  stages, 
preferably,  the  first.  This  design 
makes  the  feedback  more  effective 
for  reducing  drift.  Where  the  input 
resistance  is  of  the  order  of  10*  to 
10”  ohms,  the  input  stage  must 
necessarily  be  of  the  electrometer 
type  which  usually  has  a  voltage 
gain  of  less  than  one,  but  satisfac¬ 
tory  results  have  been  obtained  by 
making  the  following  stage  of  very 
high  gain. 


FIG.  3 — Essentials  of  typical  electrometer 
amplifier,  illustrating  methods  of  applying 
negative  feedback 


In  Fig.  3  is  shown  a  typical  elec¬ 
trometer  amplifier  circuit  using  the 
above  principles.  This  very  simple 
amplifier  was  used  to  amplify  the 
ion  current  from  a  multiple-plate 
ionization  chamber  which  had  an 
inherent  capacitance  of  approxi¬ 
mately  0.01  microfarad.  Without 
feedback  the  time  constant  of  the 
input  circuit  was  0.2  seconds,  which 
gives  a  response  that  drops  off  to 
0.707  at  a  frequency  of  /  =  1/2t.T 
=  0.8  cps.  In  this  amplifier  the  first 
stage  had  a  gain  of  75  and  the  cath¬ 
ode-follower  output  stage  had  nearly 
unity  gain,  so  that  with  feedback 
the  time  constant  became  Tf  = 
RC/A  =  0.2/75  =:  0.00267  second, 
and  the  reduction  of  response  to 
0.707  takes  place  at  about  60  cps. 
Experimental  response  curves 
taken  on  this  amplifier  verified  the 
above  results.  The  output  cathode 
follower  stage  serves  not  only  as  a 
,  low-impedance  source  for  driving  a 
recorder  or  meter  but  also  reduces 
the  bucking  potential  required  to 
bring  the  output  back  to  ground 
level*. 
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APERTURES  in  CAVITIES 


Size  and  placement  of  apertures  and  slots  in  w  alls  of  resona¬ 
tors  affect  loading,  internal  field  distortion,  and  efiiciencv 
of  energy  transfer  from  cavity  to  load.  Experimental 
results  indicate  effects  of  opening  size  for  wanted  and 

unwanted  radiation 

By  J,  H.  OWEN  HARRIES 
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Electromagnetic  energy,  when 
generated  in  a  cavity  by  a  beam 
of  electrons,  has  to  be  guided  out  of 
the  cavity  and  into  a  load.  To  extract 
energy  a  loop  can  be  coupled  to  the 
internal  magnetic  field.  Another 
method  is  to  project  the  end  of  either 
a  tuned  or  terminated  transmission 
line  into  the  internal  electric  field. 
But  probably  the  neatest  way,  and 
the  one  which  is  perhaps  the  most 
likely  to  be  used  for  most  engineering 
purposes,  is  that  of  cutting  an  aper¬ 
ture  in  the  wall  of  the  resonant 
cavity  at  an  appropriate  place.  En¬ 
ergy  will  travel  out  through  such’  an 
aperture  to  a  greater  or  lesser  degree, 
and  with  differing  radiation  patterns 
according  to  position,  size,  and  shape 
of  the  aperture  in  relation  to  the 
mode  of  oscillation  within  the  cavity. 

Slots  and  Apertures 

Typical  experimental  results  indi¬ 
cate  the  operation  of  this  latter 
method.  A  rectangular  resonator 
shown  in  Fig.  lA  and  having  the 
dimensions  x  —  z  —  59.8  cm,  and  y  = 
15.0  cm  was  set  into  oscillation  at  its 
lowest  frequency  (Hon  mode;  sub¬ 
scripts  here  indicate  the  number  of 
standing  waves  in  each  of  the  three 
cavity  dimensions).  Under  this  con¬ 
dition  the  electric  field  was  wholly  in 
the  y  direction.  The  current  antinode 
was  around  the  vertical  sides  of  the 
box ;  the  voltage  antinode  was  in  the 
center  of  the  x-z  sides.  The  meas¬ 
ured  resonant  wavelength  was  81.8 
cm. 

A  slot  a-h  was  cut  as  shown  so  that 
dimension  b  was  normal  to  the  lines 
of  current  fiow.  Dimension  a  was 
1.6  cm.  The  slot  dimension  h  was 
varied  from  zero  (no  slot)  to  20  cm. 
The  Q  of  the  cavity  varied  with  h  in 
the  manner  shown  in  Fig.  2 A.  Wave¬ 
length  remained  almost  constant,  in¬ 
creasing  only  to  82.3  cm  as  6  was 
increased  to  20  cm.  The  electric  field 


FIG.  1 — Openings  in  cavity  serve  to  ex¬ 
tract  electromagnetic  energy 


shape  within  the  resonator  is  very 
little  affected  over  this  range  of 
dimension  h. 

A  slot  at  the  current  antinode 
operates  by  virtue  of  disturbing  the 
magnetic  field  at  the  wall  of  the  reso¬ 
nator,  and  is  therefore  referred  to 
an  H  slot. 

Instead  of  using  an  H  slot  at  the 
current  antinode,  electromagnetic 
energy  can  be  withdrawn  through  an 
aperture  positioned  at  the  electric 
antinode.  This  hole  in  the  cavity  wall 
is  called  an  E  aperture.  Such  an  ar¬ 


rangement  is  illustrated  in  Fig.  IB. 

An  experimental  curve  of  the  Q 
of  the  same  resonator  as  used  with 
the  H  slot,  but  with  an  E  aperture 
used  instead,  is  also  plotted  in  Fig. 
2A.  It  was  found  that  if  the  diam¬ 
eter  of  this  aperture  was  increased 
much  beyond  three  or  four  centi¬ 
meters  the  electric  field  was  severely 
distorted. 

In  most  resonators  used  in  con¬ 
junction  with  electron  beams,  the 
electrons  are  injected  at  the  electric 
antinode  and  it  is  necessary,  as  far 
as  possible,  to  preserve  a  fairly  even 
distribution  of  electric  field  in  that 
neighborhood.  Moreover,  it  is  gen¬ 
erally  convenient  to  separate  the 
point  at  which  the  electron  beam 
enters  the  resonator  and  the  place 
where  the  electromagnetic  energy  is 
withdrawn.  Therefore  the  H  slot  is 
generally  the  more  useful  of  the  two 
methods  of  loading  the  cavity.  For 
this  reason  the  plot  of  E  aperture  in 
Fig;  2A  has  not  been  carried  to  larger 
diameters. 

Loading  Factors 

In  any  resonator  the  maximum 
instantaneous  value  of  the  energy 
stored  in  the  field  is  given  in  mks 
units  by 

J*  E^dv  (1) 


132 


December,  1946  —  ELECTRONICS 


rf-v  • 


in  Fig.  2A  we  see  that  the  Q  of  the 
unloaded  cavity  is  13,700.  The  load  Q 
when  loaded  can  be  obtained  from 
these  curves.  Using  Eq.  5  the  re¬ 
spective  loading  factors  can  be  plot¬ 
ted  for  the  H  slot  or  the  E  aperture 
used  in  this  resonator  at  the  Hon 
mode.  Aperture  loading  is  plotted  in 
Fig.  2B  for  both  cases.  Further  stud¬ 
ies  show  that  dimension  a  of  the 
slot  has  comparatively  little  effect 
upon  the  loading. 

Coupling  to  a  Resonant  Load 

The  loading  factor  Ki  applies  only 
when  the  aperture  is  radiating  into 
free  space.  If  instead  the  slot  is  ar¬ 
ranged  to  couple  the  resonator  to 
another  tuned  element,  the  phenom¬ 
enon  will  be  modified  in  a  more  or  less 
complicated  way  depending  upon  the 
relative  damping  of  the  two  reso¬ 
nators  and  the  coefficient  of  coupling. 
If,  as  will  be  described  later,  a  dipole 
aerial,  which  is  tuned  to  the  resonant 
wavelength,  is  arranged  with  its  cur¬ 
rent  point  near  the  H  slot  or  one  of 
its  voltage  points  in  the  E  aperture, 
the  loading  factor  will  increase  very 
mu;h  more  rapidly  with  either  6  or  r 
than  is  indicated  in  Fig.  2B.  This 
phenomenon  enables  much  smaller 


Laboratory  measurement  of  loading  of  cylindrical  resonator  with  circumferential 
openings  intermediote  between  slots  and  apertures 


where  &  is  the  specific  inductance-  Pt  is  dissipated,  the  selectivity  factor 

capacitance  of  free  space,  E  is  the  becomes 

maximum  instantaneous  value  of  _  u  w, 

electric  field  in  the  cavity,  and  v  is  ~  Pm  +  Pl  ' 

the  volume  of  the  resonator.  The  can  be  rewritten  as 

selectivity  factor  of  the  resonator  is : 


where  o)  =  2t:C/'a,  C  being  the  veloc¬ 
ity  of  the  electromagnetic  wave  and 
X  the  electromagnetic  wavelength, 
and  Pm  is  the  power  lost  in  the  in¬ 
ternal  surface  of  the  resonator. 

If  a  load  is  added  in  which  powder 


where  Ki  may  be  referred  to  as  the 
aperture  loading  factor. 

From  the  measurements  presented 
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FIG.  2 — Loading  is  affected  by  size  of  opening  in  resonator 
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values  of  6  or  r  to  be  used  for  a  given 
loading,  and  correspondingly  less 
disturbance  of  the  internal  field 
shapes  within  the  resonator  is  pro¬ 
duced. 

It  can  be  shown  that  the  efficiency 
of  a  resonator  and  load  in  combina¬ 
tion  is  given  by 


Pl  _  ,  Ql 

Pl  +  Pb~  q 


(6) 


from  which  it  follows  that  Ql/Q 
should  be  roughly  not  more  than  one- 
tenth. 

Unintentional  energy  leakage 
through  apertures  must  also  be  con¬ 
sidered.  It  is  often  necessary  not  only 
so  to  arrange  an  aperture  that  con¬ 
siderable  energy  is  guided  from  the 
cavity,  but  in  addition  to  arrange 
other  apertures  through  which  elec¬ 
trons  may  be  injected  into  or  re¬ 
moved  from  the  cavity,  so  that  they 
do  not  allow  appreciable  energy  to 
leak  out. 

If  we  indicate  by  the  loading 
factor  of  a  slot  through  which  energy 
must  not  be  appreciably  radiated 
from  the  cavity,  we  can  write  for  the 
reciprocal  of  the  selectivity  factor 


1 

Qx 


(7) 


where,  as  before,  Ql  is  the  selectivity 


FIG.  3 — Size  of  opening  affects  unwanted 
leakage  lost  through  it 


factor  of  the  loaded  cavity,  and  Qx 
is  the  selectivity  factor  of  the  cavity 
losing  energy  both  to  a  load  and  by 
leakage. 

To  avoid  leakage  of  energy,  the 
value  of  either  b  or  r  must  be  such 
that  Qx  tends  to  equal  Ql,  so  that  Kt 
is  small  compared  to  1/Ql.  It  will  be 
observed  in  Fig.  2B  that  this  condi¬ 
tion  can  be  met  quite  readily  in 
practice.  However  the  accidental 
presence  of  an  external  resonant 
structure  might  easily  upset  these 
conditions. 

'  Figure  3  shows  the  variation  of 
Qx  with  the  slot  dimension  b  in  the 
resonator  of  Fig.  lA.  Two  cases  are 
shown,  one  when  the  resonator  is  so 
loaded  that  t)  =  64%,  the  other  when 
7j  =  80%.  In  the  latter  case  an  H 


slot  length  of  10  cm  can  be  used,  for 
example,  to  inject  electrons  without 
permitting  appreciable  radiation  loss. 

Tuned  Loads 

Consider  again  the  design  of  an 
aperture  for  withdrawing  wave  en¬ 
ergy  from  a  resonator.  One  of  the 
factors  that  has  to  be  taken  into 
account  is  whether  the  distortion  of 
the  internal  electric  field  caused  by 
the  aperture  in  the  cavity  wall  is 
sufficiently  small  to  be  tolerable.  The 
following  experimental  results  illus¬ 
trate  this  point. 

A  roughly  cylindrical  resonator 
was  arranged  to  operate  in  the  H„, 
mode  on  about  a  78  cm  wavelength. 
An  H  slot  was  cut  in  one  of  the  flat 
ends,  and  Q  and  Ql  as  functions  of  h 
were  measured.  The  ratio  between 
electric  field  magnitudes  at  two 
points,  each  near  one  of  the  two  flat 
ends  of  the  resonator,  was  also  meas¬ 
ured  as  a  function  of  b  as  an  indica¬ 
tion  of  the  disturbance  of  the  field 
by  the  slot. 

Utilizing  Eq.  5,  the  resonator  load 
efficiency  was  plotted  together  with  a 
curve  of  the  internal  field  ratio  as 
shown  in  Fig.  4A.  It  will  be  observed 
that  the  field  became  severely  dis¬ 
torted  when  the  slot  was  made  suf- 
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ficiently  large  to  give  reasonable 
efficiency.  This  trend  is  largely  be¬ 
cause  the  unloaded  Q  was  only  2,000. 
Had  it  been  higher,  a  lesser  value  of 
b  would  have  sufficed  to  give  a  good 
efficiency. 

In  this  experiment  the  walls  of  the 
resonator  consisted  of  copper  foil 
about  0.01  inch  thick.  The  wall  near 
the  slot  was  next  thickened  to  about 
six  inches,  whereupon  no  appreciable 
radiation  from  the  resonator  to  free 
space  was  observed  even  with  b  at  its 
maximum  of  ten  inches. 

The  current  antinode  of  a  dipole 
that  was  tuned  to  the  operating  wave¬ 
length  was  next  placed  near  the  slot. 
Adequate  energy  could  then  be 
withdrawn  to  give  good  values  of 
resonator-load  efficiency,  and  negli¬ 
gible  distortion  of  the  internal  field 
of  the  resonator  was  observed.  The 
graph  of  resonator-load  efficiency 
against  b  under  these  circumstances 
is  given  in  Fig.  4B. 

The  tip  of  a  tuned  dipole  was  ex¬ 
posed  to  the  field  immediately  outside 
an  E  aperture  of  such  a  resonator  as 
that  illustrated  in  Fig.  IB  operating 
in  the  Hon  mode.  Very  small  loading 
was  produced  unless  the  aperture  was 
made  so  large  as  to  distort  the  field 
of  the  cavity.  It  is  in  general  neces¬ 
sary  to  insert  the  dipole  or  tuned  rod 
a  considerable  distance  into  the  reso¬ 
nator,  or  even  to  connect  it  to  the 
internal  wall  opposite  the  aperture  to 
obtain  reasonable  resonator-load 
efficiency. 

Hybrid  Slots 

Some  slots  are  intermediate  be¬ 
tween  the  E  aperture  and  the  H  slot. 
An  example  of  the  use  of  such  a 
hybrid  slot  is  of  interest.  It  is  placed 
between  points  of  magnetic  and  elec¬ 
tric  antinodes  of  the  resonator. 

A  cylindrical  resonator  that  is 
depicted  elsewhere  in  this  article  and 
whose  dimensions  are  given  in  Fig.  5 
was  operated  in  the  Eoio  mode — that 
is,  with  the  electric  field  in  the  axial 
direction.  A  circumferential  slot  was 
arranged  as  shown,  and  bridges  were 
provided  to  join  the  center  of  the  flat 
upper  side  to  the  vertical  sides  of  the 
cylinder.  The  flat  side  was  2.5  cm 
thick. 

With  20  bridges,  closely  ap¬ 
proached  Q,  the  unloaded  Q  value, 
which  equaled  1,000.  With  only  ten 
bridges,  as  illustrated,  Qt  dropped  to 
630.  With  only  two  bridges,  which 


FIG.  5 — Cavity  used  to  study  coupling  to 
cylindrical  resonators 


FIG.  6 — Neymon  compared  the  patterns  oi 
an  orerture  and  a  theoretical  dipole 


were  positioned  at  opposite  ends  of  a 
diameter,  was  reduced  to  200. 
With  ten  bridges,  the  thickness  of 
the  top  was  increased  from  2.5  to  5.0 
cm,  and  the  height  of  the  sides  and 
the  thickness  of  the  bridges  increased 
the  same  amount.  However  Qt  was 
unchanged,  within  the  accuracy  of 
measurement,  from  the  previous  630. 
These  results  are  applicable  to  the 
problem  of  coupling  a  circular  wave 
guide  to  a  cylindrical  resonator. 

Because  a  resonator  designed  for 
practical  engineering  applications 
seldom  leads  to  analytically  tractable 
shapes,  the  design  of  apertures  seems 
to  be  performed  best  by  experiment, 
and  usually  on  model  resonators  the 
results  of  which  can  be  scaled  down  to 
apply  to  the  operative  wavelength. 
Once  the  general  phenomenon  is  un¬ 
derstood,  it  is  easy  to  produce  desired 
degrees  of  loading  by  trial,  with  little 
error. 

There  does  not  seem  to  be  an  ade¬ 
quate  published  mathematical  analy¬ 


sis  of  the  properties  of  apertures, 
although  an  interesting  paper  by 
Neyman  has  been  published  in  Rus¬ 
sian  {Izvestiya  Elektroprom.  Slab. 
Toka,  1940,  No.  6,  pp  1-16)  which 
provides  an  admittedly  approximate 
theory  and  quotes  some  experimental 
results. 

Aperture  Theory 

It  is  not  within  the  scope  of  this 
paper  to  deal  with  mathematical 
theory  of  apertures,  but  the  following 
comments  on  Neyman’s  paper  may  be 
of  interest. 

Neyman  points  out  that  a  rigorous 
solution  of  the  problem  presents 
mathematical  difficulties.  He  there¬ 
fore  presents  an  approximate  solu¬ 
tion  for  the  E  aperture,  for  which  he 
gives  experimental  confirmation. 

He  concludes  that  the  radiation  re¬ 
sistance  into  free  space  of  an  E 
aperture  situated  at  the  electric  anti¬ 
node  and  having  a  radius  r,  small 
compared  to  the  wavelength,  is  ap¬ 
proximately  10“  (^'/a)*.  This  radiation 
resistance  is  referred  to  the  maxi¬ 
mum  current  in  a  cylindrical  reso¬ 
nator  operating  in  the  Eoio  mode. 

He  also  states  that  performance  of 
an  H  aperture  can  be  represented  by 
a  system  of  equivalent  dipoles  for 
which  he  derives  formulas,  but  there 
does  not  seem  to  be  experimental 
confirmation  of  these  results  nor  of 
the  statement  that,  for  b  equal  r,  the 
radiation  from  an  E  aperture  is 
thousands  of  times  greater  than  that 
from  an  H  slot.  He  also  presents  an 
expression  for  power  radiated  by  an 
H  slot  which  varies  as  6*  and  a*.  This 
result  does  not  seem  to  be  confirmed 
by  this  reviewer’s  experiments. 

Neyman  points  out  that  loading 
can  be  increased  by  external  tuned 
elements  such  as  the  dipole,  or  by 
resonance  of  the  external  surround¬ 
ings  of  the  resonator  or  of  its  own 
external  contours.  He  also  points  out 
that  radiation  patterns  can  be  pro¬ 
duced  that  are  the  resultant  of  the 
fields  from  several  slots. 

The  radiation  pattern  from  an  E 
aperture  at  the  electric  antinode  is 
similar  to  that  of  a  dipole.  Neyman 
has  shown  this  to  be  the  case  experi¬ 
mentally  by  the  plot  shown  in  Fig.  6. 

The  present  author  expresses  his 
thanks  to  Rediffusion  Ltd.,  at  whose 
Electronics  Department  the  experi¬ 
ments  were  performed,  for  permis¬ 
sion  to  publish  this  paper. 
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Linear  Sweep  Circuits 

Eight  methods  of  correcting  nonlinearity  in  sawtooth  sweep-generating  circuits  for 
cathode-ray  tubes  are  presented  and  analyzed,  with  60-cycle  circuits  as  examples 


The  continuing  refinement  of 
cathode-ray  equipment,  particu¬ 
larly  for  television,  has  made  neces¬ 
sary  the  generation  of  almost  per¬ 
fectly  linear  sweeps.  These  are  most 
easily  obtained  by  the  application 
of  some  form  of  linearity  correction 
to  the  more  or  less  exponential  out¬ 
put  of  a  conventional  sweep  circuit. 
Several  of  the  more  practicable  and 
effective  methods  of  correcting  non¬ 
linearity  have  been  selected  for  de¬ 
scription  here,  although  there  are 
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many  others  that  may  be  equally 
valuable  in  a  particular  application. 

The  sawtooth  waveform  of  both 
electrostatic  and  low-frequency 
electromagnetic  sweeps  is  almost  in¬ 
variably  derived  from  the  charging 
or  discharging  of  a  capacitance 
through  a  resistance.  The  resis¬ 
tance  may  be  that  of  a  simple  fixed 
or  variable  resistor,  or  the  plate  re¬ 
sistance  of  a  so-called  constant-cur¬ 
rent  pentode.  In  either  case  the  rise 
or  fall  of  voltage  will  be  exponen¬ 


tial,  for  the  plate  current  of  an  un¬ 
compensated  constant-current  tube 
is  never  absolutely  independent  of 
the  plate  voltage.  In  the  case  of  a 
variable-frequency  circuit  the 
sweep  range  is  determined  by  the 
size  of  charging  capacitor,  and  a 
fine  adjustment  of  frequency  is  pro¬ 
vided  by  variation  of  the  charging 
resistor  or  of  the  grid  or  screen  po¬ 
tential  of  a  constant-current  pen¬ 
tode. 

Discharge  of  the  capacitor  after 


METHOD  1 — The  simplest  means  of  at¬ 
taining  linearity  correction  in  a  fixed 
frequency  sweep  is  to  bypass  part  of 
the  charging  resistor  with  a  capacitor. 
This  gives  two  RC  circuits  in  cascade, 
which,  if  it  were  not  for  the  loading 
effect  of  the  second  upon  the  first,  would 
result  in  a  perfectly  linear  output  when 
the  two  time-constants  are  equal.  In 
practice,  linearity  com  be  definitely  im¬ 
proved.  The  best  value  of  C»  should  be 
determined  experimentally.  Input  cmd 
output  waveforms  shown  here  cq>ply  to 
cdl  methods  covered 


METHOD  2 — This  circuit,  sometimes 
known  as  a  bootstrcq}  circuit,  has  been 
widely  used.  The  sawtooth  is  fed  back 
through  a  cathode-follower,  which  has 
a  gain  of  approximately  one  and  does 
not  reverse  the  phase,  to  the  top  of 
charging  resistor  Ri.  In  this  way  a  con¬ 
stant  voltage  is  maintained  across  Ri 
and  a  constant  current  into  Ci.  The 
isolating  resistor  H*  may  be  replaced 
by  a  diode,  but  this  is  usually  of  little 
advantage.  As  a  cathode-follower  out¬ 
put  is  often  required  after  a  sweep 
generator,  use  of  this  circuit  does  not 
necessarily  mean  the  inclusion  of  an 
extra  tube.  The  circuit  is  especially 
suitable  for  use  with  high-speed  sweeps. 
Ri  and  Ci  may  be  varied  without  af¬ 
fecting  linearity.  Almost  perfect  line¬ 
arity  may  often  be  obtained,  although 
over-compensation  is  not  possible  ex¬ 
cept  where  constants  ore  such  that  the 
^  combination  of  Ri  and  C,  acts  as  in 
Method  1 


I  MEG  I  MEG 


METHOD  3 — As  in  the  preceding 
method,  correction  is  accomplished  here 
by  feeding  back  without  phase  reversal 
to  the  top  of  the  charging  resistor.  Out¬ 
put  is  linear  when  the  gain  around  the 
feedback  loop  (from  lower  end  to  upper 
end  of  Ri)  is  one.  and  over-compensa¬ 
tion  will  result  as  the  arm  of  the  line¬ 
arity  adjustment  potentiometer  is  ad¬ 
vanced  toward  the  plate  of  V^.  It 
should  be  noted  that  if  rt  ioad  resistor 
equal  to  Rt  is  added  in  the  plate  circuit 
of  Vi  these  two  tubes  can  function  as  a 
balanced  output  amplifier.  This  method 
is  one  of  the  best  available  for  com¬ 
pensating  low  and  medium-frequency 
sweeps,  either  fixed  or  variable 
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S33S  WIST  VAN  SURIN  STRICT,  CHICAGO  13.  ILIINOIS 

»ASTIM»  COtPOtAnON.  *X 


LINEAR  SWEEP  CIRCUITS 


it  has  charged  (or  recharge  after  it 
has  discharged)  is  accomplished  by 
means  of  a  thyratron  or,  in  more 
modern  circuits,  by  an  ordinary  tri- 
ode,  the  grid  of  which  is  periodi¬ 
cally  pulsed  from  cutoff  to  near  zero 
bias. 

In  the  data  given  here  the  charg¬ 
ing  resistor  and  capacitor  will  be 
designated  Ri  and  Ci,  respectively, 
and  the  discharge  (or  recharge) 
will  be  assumed  taken  care  of  by  an 
externally  controlled  triode.  All  the 


methods  mentioned  are  applicable 
to  single  or  driven  sweeps  as  well  as 
to  continuous  sweeps.  The  circuits 
are  shown  in  their  most  elementary 
form,  and  approximate  component 
values  for  a  60-cycle  sweep  are 
given.  Many  modifications  of  each 
are  possible.  Adaptation  to  the  par¬ 
ticular  sweep  circuit  in  use  will  be 
necessary. 

Most  of  the  circuits  discussed 
here  are  in  actual  use,  and  are  cov¬ 
ered  by  U.  S.  or  British  patents. 


Methods  4  and  7  were  developed  by 
the  writer  while  a  member  of  the 
staff  of  Allen  B.  DuMont  Labora¬ 
tories*,  Inc. 

References 

(1)  Puckle,  O.  S.,  “Time  BaseH”,  John 
Wiley  &  pons,  Inc.,  New  York,  1943. 

(2)  Clarke,  A.  C.,  Linearity  Clrcuitg, 
Wireleaa  Engineer,  June,  1944.  (The 
analysis  of  Method  6  in  this  reference  is  in¬ 
correct,  as  it  disregards  the  fact  that  the 
signal  fed  back  to  the  pentode  cathode  ap¬ 
pears  between  cathode  and  control  grid.) 


METHOD  5 — ^The  output  of  almost  any 
typo  of  sweep  generator  con  be  im- 
proTed  by  replacing  the  charging  re¬ 
sistor  with  a  constant-current  pentode, 
but  this  is  easily  done  only  where  the 


METHOD  4 — This  circuit  is  a  modifica¬ 
tion  of  Method  3  which  is  useful  under 
certain  conditions.  Although  slightly 
more  complicated,  it  has  the  advantage 
that  the  linearity-adlusting  potentiome¬ 
ter  is  not  the  load  resistor  of  Vu  Per¬ 
fect  linearity  will  result  when  the  ratio 
of  Ri  to  Rj  is  equal  to  A  — 1.  where  A  is 
the  gain  arotmd  the  feedback  loop 


capacitor  discharges,  rather  than 
charges,  through  the  resistor.  A  pen¬ 
tode  having  a  Idgh  plate  resistance 
should  be  used,  and  the  tube  should  be 
operated  well  out  on  the  flat  portion  of 
the  characteristic.  The  screen  potential 
must  of  course  be  held  constant,  as  by 
a  fairly  heavy  bleeder  between  the 
positive  supply  and  ground.  Constancy 
of  plate  current  will  be  much  improved 
by  a  large  cathode  resistor,  the  effec¬ 
tive  plate  resistance  being  increased 
by  a  factor  of  l—GmRt 


METHOD  6 — The  use  of  a  constant-cur¬ 
rent  tube  may  improve  linearity  though 
it  will  never  make  possible  a  perfect 
sawtooth,  but  by  the  additional  appli¬ 
cation  of  feedback  even  strong  over¬ 
correction  can  be  attained.  This  method 
utilizes  the  cathode-follower  which  often 
follows  such  circuits  to  feed  a  small 
part  of  the  output  voltage  back  to  the 
cathode  of  the  constant-current  pentode. 
The  circuit  is  useful  both  for  high-speed 
sweeps  and.  because  it  is  direct-coupled, 
for  those  of  extremely  low  frequency 


METHOD  7 — The  preceding  method  can 
not  easily  be  applied  to  some  sweep 
circuits  becoiue  of  their  use  of  cathode 
degeneration  for  frequency  control.  In 
this  case  feedback  con  be  to  the  pen¬ 
tode  screen,  with  equally  good  results. 
A  variable  resistor.  Re.  can  be  inserted 
in  the  plate  circuit  of  the  cathode-fol¬ 
lower  with  little  effect  on  the  output,  if 
it  is  small  compared  with  the  plate  re¬ 
sistance  of  the  tube.  The  screen  supply 
bleeder  R*  and  R«  may  be  omitted  and 
the  screen  connected  directly  to  the 
plate  of  the  cathode-follower  instead  of 
through  Ct  if  operating  voltages  permit 


METHOD  8 — ^Vacuum  tubes  are  not 
linear  devices,  in  that  their  er^p  char¬ 
acteristics  ore  seldom  straight  lines. 
With  careful  design,  advantage  con  be 
taken  of  this  curvature  to  counteract  im¬ 
perfections  of  the  sawtooth.  This  is 
done  in  many  magnetic  sweep  circuits, 
with  a  bias  control  on  the  output  stage 
as  the  linearity  adiustment.  At  present, 
ordinary  tubes  are  capable  of  giving 
definite  improvement.  In  the  future,  spe¬ 
cial  types  designed  especially  for  this 
purpose  may  be  available 
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4'  out'ijf  5"auto  raffios  have  it 


Because  Mallory’s  position  as  the  largest  producer  of  vibrators  in  the 
world  has  given  Mallory  more  experience  than  any  other  manufacturer. 

Because  Mallory  research  has  resulted  in  more  than  50  important 
vibrator  patents,  issued  or  pending  —  has  introduced  many 
vibrator  "firsts.” 

Because  Mallory’s  adherence  to  the  strictest  standards  of  workman¬ 
ship  and  materials  is  unsurpassed  in  its  field. 

These  are  a  few  of  the  reasons  why  four  out  of  every  five  automobile 
radios  today  carry  Mallory  vibrators  as  original  equipment  —  why 
more  Mallory  vibrators  are  sold  than  all  other  makes  combined.  It’s 
natural  to  buy  your  vibrator  power  supplies  from  Mallory  —  natural, 
too,  to  bring  your  vibrator  problems  here. 


CHECK  THESE  FEATURES  OF 
THE  MALLORY  VIBRATOR 


Heavy  frame  hold*  •prina* 
in  permanent  alianmenl. 


Kxira  heavy  can*  innure  bet' 
ter  *ound  deadenina* 


Special  reed  deaian  and  riaid 
material  *pecification* 
eliminate  reed  breakaae. 


Precision  measurement*  in 
increments  of  .0001" 
assure  stable  operation. 


105-straod  wire  defies  vibra¬ 
tion-connections  stay 
intact. 


f Optical  adjustment  methods 
insure  accuracy  not 
obtainable  with  the  un¬ 
aided  eye. 


Especially  selected  Mallory 
made  contacts  assure  lona- 
est  vibrator  life. 
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All'Electronic  Color  Television 

New  Uses  ior  Pentagrids . 

Direct-Coupled  R-F  Amplilier . 
Multiple  Thyratron  Circuits. . . 
High-Fidelity  Phonograph  .... 
Radar-Guided  Bomb . 


All-Electronic  Color  Television 


Long  awaited  by  radio  engineers, 
an  electronic  color  television  sys¬ 
tem  has  been  demonstrated  pub¬ 
licly  by  RCA  Laboratories.  Color 
slides  and  a  color  movie  cartoon 
were  transmitted  over  coaxial  cable 
and  were  shown  on  two  laboratory 
receivers  and,  in  black  and  white, 
on  a  current  production  television 
receiver. 

The  electronic  system  makes  use 
of  simultaneous  color  transmission 
instead  of  sequential  color-by-color 
transmission  used  in  the  mechan¬ 
ical  systems.  In  the  simultaneous 
system,  a  cathode-ray  tube  is  used 
as  the  light  source  for  illuminating 
the  color  film  or  slide.  On  the  face 
of  this  tube  the  scanning  beam 
forms  a  conventional  525-line 
raster. 

Light  from  the  raster  shines 
through  the  film  and  is  focused  into 
a  color-selective  mirror  arrange¬ 
ment  that  splits  the  image  into 


three  parts,  red,  green  and  blue. 
Two  half-mirrors  allow  the  green 
image  to  proceed  to  a  phototube 
where  it  is  converted  into  a  signal 
for  the  green  image  channel.  At 
the  same  time,  they  deflect  the  red 
and  blue  images  into  their  respec¬ 
tive  phototubes  that  feed  two  other 
signal  channels. 

The  color  transmission  was  made 
over  three  coaxial  cables,  one  for 
each  image,  from  a  transmitter  in 
the  Laboratory  building. 

The  color  receiver  is  equipped 
with  three  3-inch  projection-type 
cathode-ray  tubes  which  are  sep¬ 
arately  actuated  by  the  signals 
from  the  red,  blue,  and  green  sig¬ 
nal  channels.  The  trio  of  kine¬ 
scopes  is  called  a  Trinoscope.  The 
three  color  images  from  the  tubes 
are  optically  projected  into  a  com¬ 
posite  picture  on  a  15  x  20-inch 
screen  to  form  the  full-color  pic¬ 
ture. 


RASTER. 


/  \  ^VM  ftft- 

\  SELECTIVE  MIRRORS 


SCANNir^ 
CATHODE- RAY 
TUBE 


COLOR 

CHANNELS 


COLOR  FILM 


At  the  transmitter,  the  raster  is  formed  on  the  face  of  the  cathode-ray  tube  at  the 
left  and  light  from  this  is  focused  by  the  lens  on  the  color  film  or  slide.  The  colored 
image  is  then  split  by  the  color-selectire  mirrors  into  three  parts — red,  green,  and 
blue — for  octuoting  the  phototubes  feeding  the  three  signal  channels 


Color  slide  teloTision  camera  that  uses  a 
30-lnr  cathode-ray  tube  as  the  light  source. 
Ray  D.  Kell,  head  of  television  research  at 
RCA  Laboratories,  checks  the  tube  by  look¬ 
ing  through  a  glass  window  in  the  top  of 
the  case 


The  electrical  characteristics  of 
the  green-image  signal,  including 
the  synchronizing  pulses,  are  iden¬ 
tical  to  those  of  the  present  black- 
and-white  standards  so  that  broad¬ 
casts  from  color  stations  using  the 
electronic  simultaneous  system  can 
be  received  on  a  current  production 
black-and-white  receiver  by  addi¬ 
tion  of  a  radio-frequency  converter 
that  tunes  from  480  to  920  me,  the 
range  now  allotted  to  experimental 
television  broadcasts,  including 
color.  The  simultaneous  transmis¬ 
sion  of  the  three  color  channels  re¬ 
quires  a  bandwidth  of  16  to  18 
megacycles. 

With  the  converter,  present-day 
television  sets  could  receive  color 
programs  and  reproduce  them  in 
black  and  white  by  using  the  green- 
image  signal.  Thus,  existing  re¬ 
ceivers  would  not  be  made  obsolete 
by  the  introduction  of  color  at  some 
future  date.  Even  a  prewar  televi¬ 
sion  receiver  could  be  adapted  to 
tune  to  the  electronic  color  trans¬ 
mission  and  use  the  green-image 
signal  to  show  pictures  in  black  and 
white. 

Conversely,  it  will  be  possible  for 
electronic  color  television  sets  to 
receive  the  broadcasts  of  black- 
and-white  stations.  This  was  dem¬ 
onstrated  by  showing  a  black-and- 
white  broadcast  from  New  York, 
45  miles  away,  on  all  three  receiv- 
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ers.  The  program  televised  ap¬ 
peared  in  normal  black  and  white 
on  the  production  receiver  and  in 
green  on  the  two  color  models,  since 
the  green-image  channel  of  these 
was  being  supplied  with  the  signal. 

As  officials  of  RCA  pointed  out,  a 
station  owner  can  operate  a  mono¬ 
chrome  transmitter  on  a  low  fre¬ 
quency  and  also  an  electronic  color 
transmitter  on  an  ultrahigh  fre¬ 
quency,  using  the  signal  of  the 
color  camera  to  operate  both  trans¬ 
mitters. 

In  commenting  on  the  new  elec¬ 
tronic  color  system.  Dr.  C.  B.  Jol- 
liffe,  executive  vice  president  in 
charge  of  RCA  Laboratories  de¬ 
clared,  “The  problem  is  no  longer 
how  to  transmit  and  receive  color 
pictures  by  an  all-electronic  meth¬ 
od,  because  the  basic  principles  have 
now  been  solved.  The  problem  that 
still  challenges  is  how  to  operate 
television  broadcasting  as  a  steady 
and  regular  service  to  the  public 
on  the  higher  frequencies,  whether 
in  black  and  white  or  in  color.  To 
open  the  high-frequency  spectrum 
and  to  make  it  commercially  useful 
will  require  propagation  studies  un¬ 
der  broadcasting  conditions,  devel¬ 
opment  of  new  circuits,  new  tubes 
and  new  cameras,  all  of  which  must 
be  field-tested  before  commercial 
standards  can  be  recommended  by 
the  industry  for  approval  by  the 
FCC. 


GREEN 


BLUE 


PROJECTION 

LENSES 


CATHODE-  RAY 
PROJECTION 
TUBES 


In  the  receiver,  the  signal  from  each  color  channel  feeds  a  separate  cathode-ray 
projection-type  tube.  By  superimposing  the  three  imoges  on  the  screen,  the  final 

color  picture  is  obtained 


“What  we  have  done  today  is  to  1947,  and  large-screen  theatre-size 
demonstrate  the  realization  of  the  pictures  in  1948. 
principle  of  simultaneous  electronic 
color  television.  The  apparatus 
used  in  the  demonstration  is  purely 
experimental  as  developed  in  the 

Laboratories.  It  is  not  commercial  New  Uses  for  Peiitagritls 

equipment.”  ^  By  A.  H.  Tavu)r 

Dr.  JolliflFe  disclosed  that  the  re- 

maining  stages  in  the  timetable  of  Naral  Research  Laboratory 

Washinyton,  D.  C. 

laboratory  demonstrations  of  elec¬ 
tronic  color  television  are  as  fol-  IN  1937,  while,  experimenting  with 
lows:  Motion  picture  films  within  the  German  type  AH-1  hexode,  a 
3  months,  live-action  studio  scenes  mixer  similar  to  the  6L7  but  lack- 
by  the  middle  of  1947,  outdoor  ac-  ing  a  suppressor  grid,  the  author 
tion  scenes  by  the  latter  part  of  noticed  that  when  grid  3  bias  was 


FIG.  1 — Basic  inverter  circuit  for  a  penta- 
grid  tube 


verter  and  indeed  Schafer  used  the 
similar  RENS  1224  with  grid  4  as 
a  control  grid  and  grid  3  and  plate 
as  output  anodes. 

For  video  work  an  inverter  is  de¬ 
sirable  in  which  the  input  grid  is 
shielded  with  respect  to  both  out- 


The  Trinoscope  consists  of  three  cathode-ray  tubes  that  project  the  colors  upward 
to  the  screen  in  the  top  of  the  cabinet.  Karl  Wendt,  research  .engineer,  holds  the 
triple  lens  assembly  used  to  focus  the  beams 
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•Jv|)ic<?l  of  the  current  trend  founirti  mdkinti 
|>ro(iMCfioM  methods  ullm-efficient  is  the  use 
of  Durez  custintj  resin ...  to  reduce  the  time 
mid  cost  inrohed  in  conventional  die-,  ptit- 
teni-.  find  jiff-making  ...  to  speed  production 

Cast  Plastic  Dies 

Durez  casting  resin  lends  itself  readily 
to  cast  fonns  for  hydropress  operation. 
The  cast  plastic  die  illustrated  above 
left  is  used  regularly  under  75  tons 
press  load  and  has  produced  hundreds 
of  pieces,  similar  to  the  one  shown  be¬ 
low  it,  without  flaw.  Tests  have  showm 
it  to  be  capable  of  withstanding  up  to 
270  tons  press  load,  equivalent  to 
about  12,000  psi. 

Cast  Piastic  Patterns 

.Alert  foundrymen  everywhere  have 
been  quick  to  see  the  production  ad¬ 
vantages  of  cast  Durez  resin  patterns 
such  as  the  match  plate  illustrated 
above  center.  The  inexpensive  Durez 
casting  resin  is  simply  poured  and  cured. 
The  perfectly  reproduced  pattern  is 
then  mounted  on  the  plate.  The  time- 


and  cost-savinw  benefits  are  obvious. 


Cast  Plastic  Jigs 

The  fixture,  illustrated  above  right,  for 
holding  die-cast  metal  covers  while  a 
few  finishing  operations  are  performed 
is  an  excellent  example  of  the  sim¬ 
plicity  of  producing  such  fixtures  with 
Durez  casting  resin.  It  w'as  only  nec¬ 
essary  to  coat  the  inside  of  one  of  the 
covers  with  a  parting  agent  and  pour 
in  the  resin.  While  the  resin  was  in 
a  semi-viscous  state,  the  stud  was 
located  in  place.  After  allowing  the 
assembly  to  set  for  a  few  hours,  it  w'as 
placed  in  an  oven  and  cured.  When 
taken  from  the  oven,  the  die-cast  cover 
was  removed  and  the  fixture  ready  for 
use,  the  stud  being  anchored  securely 
in  the  resin.  Long-wearing  qualities  of 
the  casting  resin  are  excellent. 

Characteristics  of  Casting  Resin 

Tests  have  shown  that  Durez  casting 
resin  maybe  saw'ed  easily,  that  it  drills 
like  hard  maple  wood,  that  it  will  not 
hold  heat  or  be  softened  by  it,  and  that 
•it  will  not  iunite.  Standard  wood-  or 


metal-working  equipment  may  be  used. 
The  liquid  resin  follows  the  contours 
of  any  part  exactly  and  holds  them  to 
predetermined  tolerances.  Its  shrinkage 
factor  is  but  .0025  inches  per  inch. 

Other  Uses 

A  few  additional  uses  for  Durez  cast¬ 
ing  resin  are  stretch-press  dies,  mask¬ 
ing  shields  for  plating,  models  for 
testing  and  duplicating,  and  checking 
and  assembly  fixtures. 

Informative  Booklet 

As  specialists  in  the  production  of 
phenolic  plastics  and  resins  for  almost 
three  decades,  Durez  technicians  have 
gained  an  enviable  record  for  develop¬ 
ing  plastics  and  resins  that  fit  the  job. 
This  background  includes  molding 
compounds,  industrial  and  protective 
coating  resins.  The  benefits  which  this 
rich  experience  can  provide  are  avail¬ 
able  to  you.  'X’rite  for  complete,  author¬ 
itative  folder  on  casting  resin.  Durez 
Plastics  Chemicals,  Inc.,  812  ^’alck 
Road,  North  Tonawanda,  N.  Y. 
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TUBES  AT  WORK  (contlnutd) 

puts.  The  pentagrid  converter  types 
such  as  the  6A8  seem  ideally  suited 
to  this  purpose  when  connected  as 
shown  in  Fig.  1.  As  the  experi- 
mental  curves  of  Fig.  2  show,  the 
I  current  to  grid  2,  the  oscillator  an- 
;  ode  in  a  conventional  converter  op¬ 
eration,  varies  in  almost  perfect 
symmetry  to  the  plate  current,  when 
Gi  bias  and  Ga  and  Go  screen  voltage 
are  kept  constant  and  G,  is  used  as 
the  control  grid. 

These  curves  merely  change  their 
slopes  without  losing  symmetry 
seriously,  when  Gi  bias  is  varied  as 
a  means  of  expansion  or  compres¬ 
sion  or  remote  volume  control.  Fig¬ 
ure  2  shows  that  the  inverter  should 


and  you'll  Use 


Follow  the  leaders 


HEXAGON!  For  rugged,  heavy  duty 


work  or  for  light,  intricate  work 


continuous  production  or  hard-to-get  at 


here's  the  answer.  One  reason 


is  "Balanced  Heat"— dissipating  excessive 


element-impairing  heat  —  and  minimizing 


element  burn-outs  and  tip  replacements. 


Another,  is  their  light  weight,  efficiency  and 


dependability. 


LITERATURE  AVAILABLE  — The  complete 


HEXAGON  line  of  screw  tip  and  plug  tip  irons 


from  40  to  700  watts,  and  with  tip  diameters 


ranging  from  */i"  fo  l%"i  '*  fully  illustrated  and 


described.  Write  today;  no  obligation. 


HEXAGON  ELECTRIC  CO 


130  W.  CLAY  AVENUE.  ROSELLE  PARK.  N.  J. 


H I G H  'Q U A 1 1 T  Y.  LONG- LA  STING  SOLDERING  IRONS 


6  -6  -4 

£.4  IN  VOLTS 


I  FIG.  2 — Static  characteristics  of  the  6A8 
j  for  phase  inTersion 


be  operated  with  G*  biased  at  — 4 
volts,  with  100  volts  on  the  screens, 
and  with  200  volts  at  G.  and  plate, 
Gi  bias  being  varied  to  control  the 
gain.  More  conservative  operation 
with  less  dissipation  would  follow 
similar  characteristics  at  lower  volt- 


Application 

The  outputs  can  be  adjusted  for 
symmetry  either  by  juggling  the 
voltages  of  G*  and  the  screens,  or 
by  making  one  load  impedance  vari¬ 
able,  both  in  magnitude  and  phase 
angle,  and  testing  with  a  square 


Such  a  circuit  is  not  a  phase  in¬ 
verter  in  the  strictest  sense  of  the 
w'ord,  but  an  amplifier  stage  produc¬ 
ing  greater-than-unity  gain  to  two 
oppositely  phased  outputs.  It  is 
used  by  the  author  in  the  amplifier 
limiter  of  the  sweep  synchronizer 
in  a  wideband  cathode-ray  oscillo¬ 
graph.  Switching  to  either  of  the 
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"SCOTCH**  Electrical  Tapes,  used  to  hold  coil  windings,  insu¬ 
late  pole  positions  and  anchor  and  insulate  leads,  effect  time¬ 
saving  shortcuts  that  pay  off  in  greater  production.  They  are 
adapted  to  the  most  modern  coil  winding  machines  and  methods. 

All  **SCOTCH**  Electrical  Tapes  are  clean  to  handle.  They  do 
not  soil  the  operator*s  fingers.  This  not  only  has  a  good  effect  on 
the  worker's  morale  and  output,  but  also  makes  possible  a  cleaner, 
neater  product. 

"SCOTCH"  Electrical  Tapes  are  available  in  many  construc¬ 
tions  to  cover  a  wide  range  of  specific  requirements — kraft  paper, 
creped  and  flat;  acetate  film  combination  backings;  celanese 
cloth;  purified  white  cotton  cloth;  Fiberglas  and  Vinyl  Plastic. 
They  fit  into  eveiy  kind  of  electrical  construction  that  requires 
reliable  insulating  and  holding  properties,  such  as  fastening  com¬ 
munication  wiring,  terminals  and  harnesses,  the  construction  and 
repair  of  electric  motors,  etc. 

Write  today  for  descriptive  literature  and  samples. 


'  v.t'W 


Made  in  U.S  A.  by  MINNESOTA  MINING  A  MEG.  CO.  S*.  Pawl  6.  Minn. 

3M  coa»*w»  . 


COIL  CONSTRUCTION 
SPEEDED  UP  AND 


SIMPLIFIED 


'i  ■ It- 


TAPES 


BRAND 
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chronization,  a  necessity  in  study¬ 
ing  some  wave  forms. 

An  additional  advantage  of  the 
pentagrid  arrangement  illustrated 
in  Fig.  1  is  the  high  d-c  resistance 
that  can  be  tolerated  in  the  circuit 
of  G«.  A  6A8G,  used  in  the  first 
stage  of  a  multistage  amplifier  for 
small  piezoelectric  pressure  gages, 
was  perfectly  stable  with  80  meg¬ 
ohms,  and  remained  stable  for  some 
time,  even  with  Gt  entirely  floating. 
The  amplification  from  G«  to  plate 
or  G,  is  of  course  not  high,  but  it  is 
greater  than  unity  except  for  very 
low  load  impedances.  , 

S ingle -Coil  Oscillator 

The  possibility  of  a  very  simple 
single-coil  oscillator,  having  a  tank 
circuit  in  G,  and  feedback  to  G,,  is 
illustrated  in  Fig.  3  and  Fig.  4.  It 


Modal  MX  Smooth  Powor  Motor 


FIG.  3 — Basic  two-terminal  oscillator  circuit 


would  seem  to  have  the  advantage 
over  dynatrons  and  transitrons  that 
the  electrode  arrangements  are  not 
abnormal ;  the  various  d-c  potentials 
are  applied  substantially  as  in  the 
tube  manual.  Longer  or  at  least 
more  predictable  tube  life  should  be 
the  result. 

If  Gi  bias  and  the  feedback  to 
G,  from  the  plate  or  as  the  case 
may  be,  are  adjusted  carefully  and 
amplitude  limitation  is  provided  by 
an  avc  circuit  biasing  G„  a  very 
stable  oscillator  having  zero  grid 
current  and  extremely  low  harmonic 
content  is  possible. 

Using  the  AH-1  tube,  the  author 
set  up  such  an  oscillator.  Its  opera¬ 
tion  was  determined  by  test  to  be 
confined  to  the  linear  portion  of  the 
mutual  characteristic.  Its  frequency 
was  wholly  independent  of  any  in¬ 
jected  signal  however  close  in  fre¬ 
quency  and  however  large  in  ampli¬ 
tude,  even  to  the  point  of  what  was 
called  “Totmachen  ohne  Mitnahme”; 
the  increasing  amplitude  of  injected 


The  novel  and  unique  idler  bracket  in  MX  Smooth 
Power  motors  holds  the  rubber  idler  pulley  in  an 
even  plane — resulting  in  smooth  motion  of  the 
turntable. 


You  get  vibration-free  and  wow-free  perform¬ 
ance,  too,  and  smooth  speed  that  stays  constant 
regardless  of  the  number  of  records  on  the  machine. 
That’s  Smooth  Power. 


Our  complete  line  of  Smooth  Power  phono- 
motors,  recorders  and  combination  record -changer 
recorders  will  always  make  fitting  companions  for 
your  own  fine  products. 
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Are  you  troubled  with  the  high  cost  of  a  special 
instrument  for  your  product? 
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1752  WEST  MARKET  STREET 
BETHLEHEM  •  PENNSYLVANIA 

in  C  a  n  a  d  a  I  Roll*r*Smith  Marsland,  Ltd.,  Kitch«n«r,  Ontario 

ELCCTRICAL  INOICATIN*  INITRUMCNTI  •  AIRORArX  INSTRUMCNTR  •  I  Wl  T  C  N  8  C  A  R 
AIR  AND  OIL  OIRCUIT  RRCAKCRR.  •  ROTARY  RWITCHCR  •  RELAY!  •  RRCCISION  RALANCCR 
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Typicol  Instrument  Problems  Solved 
with  Standard  Roller>Smith  Movements 


Measurement  of :  Temperature,  Percent  Modulatioii, 
Noise  Level,  Vacuum  Tube  Circuits,  Combustion 
Analysis,  Radio  Frequency  Circuits. 


Our  engineers  know  how  to  solve  your  instru¬ 
ment  problems  by  modifying  a  standard  Roller- 
Smith  Instrument  movement.  The  rugged  con¬ 
struction,  accuracy  and  long  life  of  the  instru¬ 
ments  have  been  amply  demonstrated  for  over 
40  years.  You  get  the  regular  high  quality  of 
standard  Roller-Smith  Instruments,  applica¬ 
tion  engineered  to  your  measurement  problem. 

You  save  special  tooling  costs,  get  assured 
quality  and  speedier  delivery  when  you  solve 
your  "speaal  instrument"  problem  with  a 
standard  Roller-Smith  Instrument  movement. 
Write  us  in  detail  for  help  with  your  instrument, 
or  see  your  R-S  representative. 
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Direct-Coupled  R-F  Amplifier 

By  Earle  Travis 

Chief  Engineer,  Station  KVKC 
San  Luia  Obispo,  California 

Anyone  who  has  ever  used  a  bridge 
for  measuring  antenna  resistance 
knows  that  a  strong  signal  genera- 


signal  gradually  replaced  the  self 
oscillation  until  the  latter  disap¬ 
peared  altogether,  without  ever  hav¬ 
ing  had  its  frequency  influenced. 

This  process  could  be  observed 
very  vividly  with  a  cathode-ray  os¬ 
cilloscope;  first  the  pure  local  oscil¬ 
lation  was  present,  then  a  ripple 
crept  slowly  across  the  screen  as 
the  injected  signal  differing  in  fre¬ 
quency  by  a  cycle  or  so  was  brought* 
up;  this  ripple  increased  to  a  maxi¬ 
mum  as  the  two  signals  beat  at 
equal  amplitudes,  and  faded  away 
again  to  leave  only  a  sine  wave 
after  the  injected  signal  had  over¬ 
whelmed  and  stopped  the  self  oscil¬ 
lations.  This  behavior  is  in  accord¬ 
ance  with  the  accepted  theory  that 
“Mitnahme"  or  locking  depends  on 
nonlinearity. 

A  pentagrid  compressor  crystal 
!  oscillator  might  be  of  advantage  in 
j  a  primary  frecjuency  standard  be¬ 
cause  of  freedom  from  grid  current 
j  loading  or  influence  by  external 
I  causes.  A  proposed  variable  oscil- 
j  lator  to  replace  the  electron-coupled 
I  oscillators  now  used  in  variable-fre- 
I  quency  transmitters  is  shown  in 
j  Fig.  4.  The  value  of  Re4  is  very 
I  high  and  trimmer  capacitor  T  is 
adjusted  to  give  the  proper  feed¬ 
back  through  the  capacitance  poten¬ 
tiometer  which  it  forms  with  C„. 

Constant  output  amplitude  over  a 
tuning  band  can  be  obtained  by  us¬ 
ing  a  suitably  adjusted  impedance 
potentiometer  here  instead  of  a  ca¬ 
pacitance  potentiometer.  The  maxi¬ 
mum  permissible  time  constant  of 
the  filter  circuit  biasing  (7,  is  crit¬ 
ically  related  to  the  decrement  of 
the  oscillatory  system;  if  it  is  too 
long,  blocking  will  result. 


m 


OUTPUT 


FIG.  4 — High  ■tobllity  with  compression  is 
a  feotore  of  this  circuit 
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8»RRY  OYROSaqaygP.,  INC.  of  Great 
Isimc  ItUiid,  N.  Y.;  fpiiKiif  the  need  ^ 
inrfidl^nf  protectibh^  ef  the  many  criti- 
d  tl^lr  landing  system  transmitters. 
^HBIHSMANN  MAGNBTIC  CIRCUIT 
as  best  suited  for  the  job.  The  com- 
mding  system  consists  of  two  mobile  ground 
ste^a  tmttsxdt^s  moimted  in  trailers,  and  re- 
celyihg  «qu^ptnent  in  idrplanes  equipped  to  use  the 


nipment  breakers  are  manually 

on  circuit  overload, 
ite  of  each  other.  Being 

they  wl^^liHtantaneous  in  action 
l«vessidve  overload  or  short  circuit,  but 
■ipMlslity  Steciumimn  allows  passage  of 
Bncy  wvte^ad  oy  starting  surge.  If 


Red  Arrows  above  show  the 
location  of  six  HEINEMANN 
Circuit  Breakers  in  the 
Sperry  Transmitter. 

Left:  —  Close-up  of  the 
breaker. 


HEINEMANN  ELECTRIC  COMPANY 


eSTABLISHED  1888 


TRENTON,  N.  J 
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In  addition  to  the  sheet,  wire  and  tubing 
hich  we  fabricate,  we  offer  full  facilities  for  the  manu¬ 
facture  of  various  types  of  contact  rings,  fabricated 
parts  and  assemblies.  These  facilities  include  punch  press 
and  deep  drawing  work,  milling,  turning,  grinding  and 
drill  press  operations.  In  addition,  we  have  facilities  for 
silver  soldering,  silver  furnace  brazing  and  fine  poHshing. 

To  assist  you  in  the  application  of  our  products  to  your 
products,  we  maintain  a  staff  of  thoroughly  experienced 
metallurgists,  chemists,  designers  and  consultants  .  .  , 
an  up-to-date  research  and  testing  laboratory  .  .  .  and 
a  splendidly  equipped  tool  room.  These  are  all  at  your 
service  to  cooperate  with  your  own  staff  to  the  full  extent 
of  our  facilities. 

Your  inquiries  are  cordially  invited.  Ask,  too,  for  a 
copy  of  our  descriptive  folders  on  laminated  metals  or 
silver  solders. 

PRODUCTS 

TUBING  •  SOLDIRS  •  FABRICATED  PARTS  AND  ASSEMBLIES 


D.  E.  MAKEPEACE  COMPANY 

Main  Office  and  Plant,  Attleboro,  Massachusetts 

NEW  YORK  OFFICE,  30  CHURCH  ST.  CHICAGO  OFFICE,  SS  EAST  WASHINGTON  ST. 
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MAGNETIC  EARPHONE 


"RC” 

SERIES 


FOR  HEARING  AIDS,  POCKET  RADIOS 
AND  OTHER  APPLICATIONS 


This  new  light-weight  magnetic  Earphone  might  well  answer  your 
problems.  It  is  rugged,  immune  to  temperature  and  humidity— faith¬ 
fully  reproduces  speech  in  clear,  natural  tones. 

The  Shure  Earphone  is  especially  suitable  for  Hearing  Aids,  personal 
radios,  portable  transmitting  and  receiving  equipment  as  used  by  emer¬ 
gency  services,  high  noise-level  locations,  etc.  General  Advantages: 
(1)  Greater  output  for  lighter  weight;  (2)  Unaffected  by  humidity  or 
temperature;  (3)  Comes  in  streamlined  Flesh-Tone  plastic  case. 


TECHNICAL  DATA 

The  Earphone  is  designed  to  fit  snugly.  Light-weight  and  compact, 
weighs  only  5M  grams  (.2  oz.) .  Case  dimension  is  about  H’  x  Im¬ 
pedance  is  60  ohms;  output  level,  115  db  above  .0002  dynes  per  square 
centimeter  for  1  milliwatt  of  available  power.  Equipp^  with  detach¬ 
able  plug  and  standard  3-foot  length  cable.  Case  is  molded  plastic. 

Write  or  wire  for  more  complete  technical  information 

Over  60,000  Engineers,  Technicians,  and  Students  are  using  the 
Shure  Reactance  Slide  Rule.  It  facilitates  com¬ 
putations  involving  capacitance  inductance,  resonant 
frequency,  “Q”,  etc.  Kindly  send  10c 
in  coin  to  cover  handling.  Address 


SHURE  BROTHERS,  Inc. 

Atierophonms  and  Acoustic  Dovicms 

225  W.  H0rM  St.,  Chicago  10,  Illinois  •  Cable  Address:  SHUREMICRO 


TUBES  AT  WORK  (continutd) 

tor  is  essential.  Otherwise  the  null 
is  buried  under  noise  and  the  signal 
of  any  transmitter  on  that  fre¬ 
quency.  As  the  average  signal  gen¬ 
erator  has  a  rather  low  output,  an 
amplifier  for  it  is  a  decided  ad¬ 
vantage. 

An  amplifier  for  this  purpose 
should  be  completely  shielded  and 
nonoscillating.  It  is  an  advantage 
to  have  a  low-impedance  output  to 
match  the  low-impedance  cables 
furnished  with  the  bridge.  The  cir¬ 
cuit  shown  in  the  diagram  meets  all 


Circuit  of  hiqh-qoin  direct-coupled  ampli¬ 
fier  for  use  with  a  signal  generator 


these  specifications.  The  reason  for 
making  it  direct  coupled  is  that  this 
does  away  with  all  untuned  circuits 
between  the  6K7  and  the  2A3,  allow¬ 
ing  the  6K7  to  produce  a  relatively 
high  gain. 

If  it  is  desirable  to  have  a  con¬ 
stant  output  impedance,  the  output 
voltage  of  the  amplifier  may  be  va¬ 
ried  by  detuning  the  tuned  circuit. 
No  values  are  shown  in  the  diagram 
for  the  tuned  circuit  as  its  values 
depend  on  the  frequencies  over 
which  the  amplifier  will  be  used. 


Multiple  Thyratron  Circuits 

By  Irvino  Sager 

Thermionioa  Branch 
Evans  Signal  Laboratorg 
Bclmar,  A'.  J. 

Engineers  that  work  with  thyra- 
trons  are  occasionally  limited  by 
the  power-handling  capacity  of  the 
tubes.  Doubling  or  quadrupling 
the  power  capabilities  can  be 
achieved  by  operating  thyratrons 
in  series,  parallel,  or  series-parallel 
as  has  been  done  with  thyratron 
line-type  modulators  for  pulsed 
radar  sets. 

The  conventional  line-type  modu- 
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USE  STANDARD  PARTS -SAVE  TIME  AND  MONEY 


AUTOMATIC 

K-TRANS 

(The  MODERN  I.  F.  TRANSFORMER) 

MICA  TRIMMERS 


ACCURATE 

to  0.05%  when  required 

MOUNTING  STYLES 

to  match  any  need 

PHYSICALLY  PROTECTED 

to  spec^catsons 

HERMETICALLY-SEALED 
and  TROPICALIZED  TYPES 

for  exacting  applications 


SHALLCROSS 


RESISTORS 


Electtical  Measuring  Apparatus  •  Precision  Switches 


Electronic  Engineering 


ratron  in  this  circuit  when  a 
resonant  charging  system  is  em¬ 
ployed  is  also  shown.  During  the 
charging  period,  the  thyratron 
anode  voltage  increases  sinusoi¬ 
dally  to  a  value  which  is  approxi¬ 
mately  twice  the  high-voltage 
supply.  When  the  thyratron  is  trig¬ 
gered,  the  anode  voltage  drops 
rapidly  to  near  ground  potential 
and  permits  discharge  of  the  net¬ 
work  through  the  load.  In  radar 
sets  the  usual  load  consists  of  a 
magnetron  or  triode  oscillator, 
coupled  to  the  network  by  means 
of  a  pulse  transformer.  During 
the  network  discharge  time,  the 
thyratron  passes  a  pulse  of  current, 
the  duration  and  waveform  of 
which  is  controlled  chiefly  by  the 
constants  of  the  network. 

Usually,  the  load  impedance  is 
made  equal  to  the  characteristic 
impedance  of  the  network;  there¬ 
fore,  the  voltage  appearing  across 
the  load  is  one-half  the  peak  anode 
voltage  of  the  thyratron.  The 
maximum  peak  power  available 
from  a  thyratron  in  this  type  of 
circuit  is  half  the  peak  anode 
voltage  rating  multiplied  by  the 
peak  anode  current  rating.  To  per¬ 
mit  operation  of  this  circuit  at 
higher  power  levels  than  could  be 
achieved  with  available  tubes,  vari¬ 
ous  methods  of  employing  thyra- 
trons  in  multiple  were  devised. 

In  multiple  operation  of 
thyratrons,  the  load  should  be 
divided  equally  between  the  tubes. 
The  time  delay  of  firing  a  thyratron 
varies  from  tube  to  tube  and  during 
its  life.  The  time  interval  be¬ 
tween  the  initiation  of  grid 
voltage  and  the  beginning  of  anode 
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Shallcross  <  Manufacturing  Company 

Dept.  E-126  Colllngdale,  Pa. 


BULLETIN  R 

tells  what  you  want  td 
know  about  precision 
resistors.  Write  for  your 
copy  today. 


DELIVERIES  FROM  STOCK 

on  oil  stondord  items— 

.Specials  in  less  than  a  week  if  necessary 
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TUBES  AT  WORK  (continu.d) 

lator  schematic  is  shown  in  Fig.  i. 
The  voltage  waveform  on  the  thy- 


VOLTAGE 


NETWORK 


PEAK  ANODE 
VOLTAGEo 


'TRIGGER 

f  PULSES  PER  SECOND 
E  j  •  INTERPULSE  TIME 


l-l-J 

-Voltage  on  thyraton 


CURRENT  through 
THYRATON 


FIG.  1 — Conventional  single  thyratron  cir¬ 
cuit  as  tued  in  a  line-type  modulator 


LIGHT  WEIGHT 
SIMPLICITY 
LONG  LIFEI 


Thtse  are  the  features 
which  distinguish 
the  success  of  the 
DALMO  VICTOR 
•designed  and 
•developed  AN/APS-4 
Airborne  Radar 
Antenna. 


Typical  af  cemponant  partt 
combining  thoco  footwros  aro 
tho  Moin  Goar  Drive  and 
Goar  Housing  illwstratod 
boro. 


MAIN  GEAR  HOUSING 


light  Woighll 

Tho  AN/APS-4  Antonno 
weighs  loss  than  1 3  peundsi 
Quantity  production  was  ac¬ 
complished  through  good 
basic  design,  incorporating 
magnesium  castings,  alumi¬ 
num  roRoctors,  and  snap  re¬ 
taining  rings. 

MAIN  GEAR  DRIVE 


Simplicity  f 

Simplicity  Is  tho  keynote  in 
all  DALMO  VICTOR  airborne 
radar  antenna  designs.  In 
the  AN/APS-4  Antenna, 
simple  direct  drives  and 
gearing  with  a  minimum  of 
moving  ^rts  were  used. 

• 

long  life  I 

The  AN/APS-4  Antenna, 
built  for  the  U.S.  Navy,  has 
an  operating  life  of  2000 
hours  before  major  repairs 
—the  equivalent  of  approx¬ 
imately  600,000  scheduled 
miles  of  "Censtellatien” 
Rying. 


mum  RADAR  yiEPn 

TAPE  AN/APS-4 


During  the  war  air  search  operations  for  the  location  of 
surface  vessels,  and  for  mapping,  were  of  paramount  impor¬ 
tance  in  attaining  victor^’.  The  need  was  successfully  met  by 
the  development  of  the  AIV/APS-4  Airborne  Kadar  Antenna, 
which  was  used  on  our  bombers,  land-based  planes  and 
carrier-based  fighters. 

DALMO  VICTOR’S  superior  design  of  the  AN/APS-4-  Antenna 
was  among  the  foremost  contributions  in  the  outstanding 
performance  of  this  equipment. 

DALMO  VICTOR  is  developing  and  producing  micro-wave 
equipment  to  be  applied  to  peace-time  uses.  We  solicit  in¬ 
quiries  from  electronic  engineers,  aircraft  companies — from 
all  who  may  be  interested. 


Manvfocturers 


SAN  CARLOS,  CALIFORNIA 
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Business  delays  mean  that  overhead 
goes  up,  profits  go  down.  When  tools, 
replacement  parts  and  critical  materials 
are  needed  fastt  when  a  customer  wants 
an  item  that’s  “fresh  out”  —  specify 
delivery  by  Air  Express. 

This  speedy  delivery  service  brings 
distant  suppliers  and  warehouses  mere 


hours  from  your  door.  So  keep  things 
moving  by  Air  Express.  This  way,  cus¬ 
tomers  stay  satisfied,  profits  stay  up. 

The  cost?  Much  less  than  you’d 
think.  Rates  have  been  slashed  22% 
since  1943— all  the  more  reason  why 
the  nation’s  business  finds  Air  Express 
essential  to  profit-making. 


TUBES  AT  WORK  (continued) 

current  is  called  time  delay.  It  ig 
necessary  to  insure  that  each  tube 
starts  conducting  anode  pulse  cur¬ 
rent  at  the  same  instant.  If  one 
tube  starts  conducting  appreciably 
before  the  second  tube,  the  output 
waveform  will  be  distorted. 


The  operation  of  thyratrons  in 
series  automatically  insures  that 
both  tubes  will  conduct  anode  cur¬ 
rent  during  the  same  period  of 
time  and  hence  the  output  pulse 
shape  will  not  suffer.  It  also  in¬ 
sures  that  the  tubes  will  conduct 
equal  currents.  By  means  of  a 
resistance  voltage  divider,  the  cir¬ 
cuit  voltages  may  be  adjusted  so 
that  each  tube  is  subjected  to  half 
of  the  peak  network  voltage. 

The  series  arrangement  is  shown 
in  Fig.  2.  When  the  trigger  pulse 
is  applied  to  tube  1,  the  tube  fires 
and  the  voltage  at  point  X  drops  to 
practically  zero.  As  a  result  of 
this,  the  potential  across  tube  2 
will  start  to  increase  very  rapidly 
and  will  reach  a  value  equal  in  mag¬ 
nitude  to  the  voltage  that  appeared 
across  tube  1  when  the  trigger  was 
applied.  The  distribution  of  voltage 
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Profits  will  fly  your  way 
when  you  use  the  speed 
of  AIR  EXPRESS 


Series  Circuit 


Speclffj  Air  B(press-$  Good  Business  Buy 


Shipments  go  everywhere  at  the  speed  of  flight 
between  principal  U.  S.  towns  and  cities,  with 
cost  including  special  pick-up  and  delivery. 
Same-day  delivery  between  many  airport  towns 
and  cities.  Fastest  air-rail  service  to  and  from 
23,000  off-airline  communities  in  the  United 
States.  Service  direct  by  air  to  and  from  scores 
of  foreign  countries  in  the  world’s  best  planes, 
giving  the  world’s  best  service. 


Atk  Today  for  the  Time  and  Rate  Schedule 
on  Air  Express.  It  contains  illuminating  facts 
to  help  you  solve  many  a  shipping  problem, 
h  Air  Express  Division,  Railway  Express  Agency, 
230  Park  Avenue,  New  York  17,  N.Y.  Or  ask 
for  it  at  any  Airline  or  Railway  Express  office. 

PheiM  AIR  EXPRESS  DIVISION,RAILWAY  EXPRESS  AGENCY 
Rapcatanting  tha  AIRLINES  of  tha  Unltad  Stcrtas 


FIG.  2 — ^In  the  soriot  drcidt.  nso  la  made 
of  the  tube  interelectrode  copocitancea  to 
supply  the  trigger  to  tube  2 


within  the  tube  to  this  steep  wave 
front  will  be  determined  by  the 
interelectrode  capacitances.  In  the 
case  of  the  6C22  hydrogen  thyra- 
tron,  the  grid-anode  capacitance  is 
approximately  equal  to  the  grid- 
cathode  capacitance  and  about  one- 
half  of  the  steep  pulse  voltage  will 
be  applied  to  the  grid  of  tube  2, 
making  it  unnecessary  to  supply 
any  other  trigger.  Although  the 
voltage  applied  to  the  tubes  by  the 
charging  operation  can  be  split  by 
means  of  the  voltage  divider,  the 
actual  voltage  on  tube  2  at  the  in¬ 
stant  of  breakdown  is  higher  than 
the  desired  value. 

Tests  made  on  the  series  circuit 


RATES  CUT  22%  SINCE  1943  (U.S.A.) 

I  Sfc«.|Mfc«.|«0fc«.  I?**' 

CmiH  p«r  A. 

i4f  $1.00  $100  $1.00  $i.n  3e7c 

344  1.W  I.U  a.30  3.M  fjlc 

S4»  l.>y  143  344  414  1135c 

»04»  1.17  I.W  7.t«  I3.W  30.70c 

3340  1,43  3S3  I7.4S  30.34  704l< 

1.47  3M  13  43  3*  47  7340c 


MTERNAnONAl  RATES  AISO  REDUCED 


Jlormica  has  an  extensive  research 
and  engineering  staff  which  devotes 
itself  to  the  development  of  special 
products  for  special  purposes. 

This  development  organization  has 
many  important  "firsts"  to  its  credit, 
and  produces  regularly  a  long  list  of 
products  that  are  not  available  else¬ 
where. 

The  organization  is  exceptionally  well 
equipped  to  see  that  you  get  the  right 


material  for  your  requirements  ir^^fhe 
right  form  to  give  you  maximunr  serv¬ 
ice  and  satisfaction.  ^ 

Formica  also  has  an  unusital  quantity 
and  variety  of  mode«i  fabricating 
equipment  and  cai^Urn  out  parts  of 
exacting  specificg^ns  for  a  very  wide 
variety  of  puy^ses. 

Bring  you^^roblems  involving  lami¬ 
nated  ejpjineering  to  the  Formica  or- 
gani^ffon. 


The  Formica  Insulation  Company/  4661  Spri^  Grove  Avenue/  Cincinnati  32/ Ohio 
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TUBES  AT  WORK 


used  a  voltage  divider  consisting  of 
two  20-megohm  resistors.  A  low- 
capacitance  filament  transformer 
was  used  to  heat  the  filament  of 
tube  2.  The  capacitance  of  this 
transformer  will  disturb  the  charg¬ 
ing-voltage  distribution  at  high 
repetition  rates  and  hence  should 
be  kept  small. 

Shunt  Circuits 

Parallel  operation  of  thyratrons 
may  be  achieved  simply  by  using 
separate  pulse  networks  for  each 
tube,  provided  that  the  variation 
in  firing  time  normally  encountered 
does  not  adversely  affect  the  output 
pulse  shape.  On  very  wide  pulses, 
the  effect  of  one  tube  starting  con¬ 
duction  a  fraction  of  a  microsecond 
before  the  other  is  not  a  serious 
disadvantage.  However,  on  narrow 
pulses  (about  5  microseconds),  the 
variation  in  firing  time  of  a  few 
tenths  of  a  microsecond  must  be 
considered.  Under  these  conditions 
it  is  necessary  to  provide  some 
method  of  preventing  power  pulse 
current  from  flowing  until  both 
tubes  have  been  ionized. 

Figure  3  shows  a  parallel  thyra- 
tron  circuit  with  a  single  pulse  net¬ 
work.  The  grid  of  tube  1  is  fired 
by  a  conventional  thyratron  trig¬ 
ger.  Point  X  on  the  circuit  drops 
to  practically  ground  potential.  For 
a  small  period  of  time  (0.1  to  0.25 
/isec  for  5C22  tubes),  tube  1  is 
ionized  and  is  capable  of  passing 
the  power  pulse.  However,  the  sec¬ 
ondary  of  transformer  T  sees  an 
open  circuit  (because  tube  2  has 
not  fired)  and  hence  prevents  the 
power  pulse  from  flowing  through 
tube  1.  Transformer  T  is  a  1:1 
phase-reversing  pulse  transformer. 

A  negative  pulse  appears  at 
terminals  XZ  of  the  transformer 
because  of  the  firing  of  tube  1. 
This  negative  pulse  is  reversed  by 


ONLY  YOU  CAN  CHANGE  A  LINE 


Age,  frequent  trips  in  and  out  of  file, 
scores  of  printings  -  none  of  these 
ever  affect  the  clean  sharp  prints  that 
Arkwright  Tracing  Cloths  produce. 
Your  vital  drawings  stay  just  as  they 
left  the  board  .  .  .  only  you  with  an 
eraser  can  change  them. 

These  cloths  never  grow  brittle 
with  age,  never  pick  up  dust  or  off¬ 
set  to  other  drawings,  because 
Arkwright’s  translucence  -designed 
for  perfect  reproductions  -  is  liter¬ 
ally  built  into  every  fibre  by  a  special 
mechanical  process.  There  are  no 
surface  oils,  waxes  or  soaps  to  dry 


out  and  discolor.  Arkwright’s  trans¬ 
parency  is  permanent. 

And  erasures  mean  little  to  this 
time-proven  tracing  cloth.  It  can 
take  erasure  after  erasure  without 
wearing  through,  and  re-inking  after 
a  revision  will  not  cause  feathering. 

Why  not  check  these  advantages 
yourself,  in  your  own  drawing  room, 
at  our  expense.  Send  for  generous 
working  samples,  and  see  what  we 
mean  when  we  say  ’’lines  as  clear  as 
if  suspended  in  air”.  Arkwright 
Finishing  Company,  Providence, 
Rhode  Island. 


TRIGGER 


AM{RICA*S  STANDARD  FOR  OVER  2S  YEARS 


FIG.  3 — delay  time  of  only  0.25  micro¬ 
second  is  possible  with  this  parallel  ar¬ 
rangement 
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BLUEY  ELECTRIC  COMPANY 
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AMERICAN  AIRLINES  PHOTO 


2000— 5000KC 
TYPE  AR4W— CAATC  NO.  360 
TYPE  AR5W— CAATC  NO.  361 


Write  for  Bulletin  27 


In  air  carrier  aircraft  the  seal  of  airworthiness  is  CAATC 
. . .  Civil  Aeronautics  Administration  Type  Certification. 
The  Bliley  crystal  units,  shown  on  this  page,  are  avail¬ 
able  with  CAATC  when  specified. 


The  prime  requisite  for  airworthiness  is  reliability. 
Each  Bliley  crystal,  whether  standard  or  CAATC,  is 
rigidly  tested  for  reliable  performance.  Frequency  stabil¬ 
ity,  precision  and  activity  are  proven  for  all  conditions 
of  temperature,  moisture  and  vibration  covered  by  the 
specifications  that  govern. 


Engineers  everywhere  rely  on  Bliley  **techniquality” 
for  the  answer  to  their  frequency  control  problems. 
When  you  specify  Bliley  crystals  you  automatically 
include  the  creative  engineering  and  production  talent 
that  has  pioneered  in  frequency  control  for  over  fifteen 


3000— 11000KC 
TYPE  MC9-CAATC  NO.  362 


2000— IIOOOKC 
TYPE  SR5— CAATC  No.  363 
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TUIES  AT  WORK 
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the  transformer,  and  the  anode  po¬ 
tential  of  tube  2  starts  increasing. 

The  increase  in  anode  potential 
of  tube  2  causes  its  grid  to  become 
positive  because  of  the  grid-anode 
capacitance  and  firing  of  tube  2  is 
accomplished  in  a  manner  similar 
to  the  firing  of  tube  2  in  the  series 
arrangement. 

When  both  tubes  are  conductive, 
the  transformer  equalizes  the  cur¬ 
rents  in  the  tubes  by  virtue  of  the 
unity  turns  ratio.  The  impedance 
it  offers  to  the  main  pulse  energy 
is  presented  only  by  its  leakage  in¬ 
ductance.  The  actual  added  circuit 
inductance  is  equal  to  one-fourth 
the  sum  of  the  primary  and  sec¬ 
ondary  leakage. 

Measurements  on  Sylvania  5C22 
tubes  showed  that  in  the  parallel 
circuit  the  maximum  delay  time 
(time  between  the  instants  of  fir¬ 
ing  of  the  two  tubes)  for  tube  2 
was  0.25  microsecond.  The  trans¬ 
former  used  for  the  tests  consisted 
of  two  coils  of  15  turns  wound  on  a 
0.002-inch  Hipersil  core  of  three 
square  inches  area.  This  trans¬ 
former  satisfactorily  passed  main 
anode  pulses  of  1.5  /isec  and  5  /isec 
at  16  ohms  impedance. 

Because  of  the  extremely  rapid 
rate  of  rise  of  voltage  applied  to 
the  grid  of  tube  2  in  both  the  series 
and  parallel  circuits  the  increase  in 
jitter  introduced  by  the  addition  of 
the  second  tube  is  reduced  to  a  min¬ 
imum.  Measured  values  of  jitter  in 
two-tube  circuits  were  always  less 
than  0.04  /isec. 


Combination  Circuit 


Combining  the  series  and  parallel 
circuits  permits  operation  at  ex¬ 
tremely  high  power  levels.  The  cir¬ 
cuit  used  for  accomplishing  this  is 
shown  in  Fig.  4.  It  is  only  neces- 


Model  300  Sensitive  Electronic  Voltmeter — a  val¬ 
uable  laboratory  or  production  line  instrument 
— highly  accurate — stable  calibration — capable 
of  reading  down  to  1  millivolt  and  up  to  100  volts 
over* a  wide  frequency  range  with  an  overall 
accuracy  of  Single  logarithmic  scale  makes 
readings  especially  easy.  Unaffected  by  changes 
in  line  voltage  or  by  tube  replacement.  Can  be 
used  as  a  high  gain  (70  DB)  amplifier  —  fre¬ 
quency  range  flat  from  10  to  150,000  cycles. 

Send  for  Bulletin  10 


BALLANTINE  LABORATORIES,  INC. 

tOONTON,  NIW  JIISIY,  U.  S.  A. 


THi  BAUANTtNi 

eUCTROMC 
AC  VOLTMETER 


100  Times  more 

SensiHvethan 

ConvenNonal 
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FIG.  4 — Using  thn  mBthoda  diacusMd  In  th« 
text,  this  ■•riM-pccroUnl  circuit  is  nTolTcd 


MISSOURI  pacific 


CELANESE  PLASTICS  ARE  LIGHTWEIGHT! 

This  extra-long  train  (22  cars)  shows  the  increased  realism  plastics 
bring  to  model  railroading.  Celanese  plastic  cars  are  lightweight — 
one-third  the  weight  of  die  cast  metal.  They  make  possible  longer 
trainloads,  faster  pickup  and  higher  train  speeds! 


CELANESE  PLASTICS  ARE  NON-MAGNETIC! 

Magnetic  loading  cranes  work  without  a  hitch.  Cranes  pick  up  the  iron 
scrap  but  not  the  plastic  car! 


CELANESE  PLASTICS  ARE  TOUGH! 

Pile  ups  on  the  roadbed  cause  no  damage  to 
these  cars.  They  are  tough — can  take  it.  Celanese 
plastics  are  color  clear  through — no  danger  of 
car  color  wearing  or  chipping  off. 


The  accurate  scaling  and  perfect  details  of  these  model 
cars  are  a  tribute  to  good  diemaking  and  the  moldability 
of  Celanese  Plastics.  Perhaps  the  same  qualities  that  spell 
success  for  Celanese  plastics  in  model  railroading  can  be 
used  to  advantage  in  your  products.  The  Celanese  tech¬ 
nical  service  staff  is  prepared  to  show  what  the  high-speed 
moldability,  clear-through  color  and  all-around  production 
economies  of  Celanese  plastics  can  do  in  improving  prod¬ 
ucts  and  reducing  costs.  Celanese  Plastics  Corporation,  a 
division  of  Celanese  Corporation  of  America,  180  Madison 
Avenue,  New  York  16,  N.  Y. 
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TUBES  AT  WORK 
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SUBSIDIMIY  Of  AlLlGHfNY  lUDtUM  STffl  CO»PO«ATION 


Spaeiatists  in  tho  manufacture  af  ALNICO  PIRMANINT  MAGN£TS 


sary  to  trigger  one  of  the  four 
tubes.  When  tube  1  is  triggered, 
tube  2  becomes  ionized  in  a  man¬ 
ner  similar  to  that  of  series  opera¬ 
tion.  Then  after  tubes  1  and  2  are 
ionized,  transformer  T  operates  as 
before  and  triggers  tubes  3  and  4. 
Which  of  these  becomes  ionized 
first  will  probably  depend  on  the 
individual  tube  characteristics.  A 
modulator  using  this  circuit  and 
four  5C22  tubes  has  been  con¬ 
structed  and  will  handle  30,000 
volts,  2  microseconds,  with  200 
pulses  per  second.  It  has  been  op¬ 
erated  satisfactorily  at  about  10 
megawatts. 


High-Fidelity  Phonograph 

Frequency  response  within  plus 
or  minus  one  db  over  the  range 
from  50  to  14,000  cycles  is  a  fea¬ 
ture  of  a  new  phonograph,  the  Lon¬ 
don  Reproducer,  now  on  the  Ameri¬ 
can  market. 

The  circuit  of  the  amplifier  con¬ 
tains  four  stages  of  pushpull  tri- 
odes.  A  low-impedance  balanced- 
armature  pickup  feeds  via  bass- 
compensating  R-C  circuits  to  the 
grids  of  two  6J6  triodes.  After 
passing  through  a  second  set  of 
6J6’s,  the  signal  is  fed  through  a 
compensated  twin  volume  control 
to  another  pair  of  6J6*s  which  are 
"capacitively  coupled  to  the  grids  of 
two  PX25  output  tubes.  (The  Brit¬ 
ish  PX25  is  somewhat  similar  to 
the  2A3  but  has  a  higher  output 
rating.) 

'  Each  grid  load  is  provided  by 
hhlf  of  a  center-tapped  choke  hav¬ 
ing  paralleled  resistors,  so  that  at 
all  audio  frequencies  covered  the 
inductive  portion  of  the  load  is  ap¬ 
proximately  four  times  that  of  the 
resistors  to  maintain  linearity  at 
low  frequencies. 

In  the  first  three  stages,  separate 
unbypassed  cathode  resistors  are 
used  for  each  tube  to  correct  any 
existing  unbalance  and  nonlinear 
distortion.  Volume  control  between 
stages  2  and  3  is  achieved  by 
twin  resistance-capacitance  circuits 
shunted  across  the  output  of  stage  2, 
anode  to  anode,  the  capacitive  por¬ 
tions  of  the  network  providing  bass 
compensation  at  low  volume  levels. 

Eight  tubes  are  used,  six  6J5 


We  are  not  satisfied  merely  to  offer  you  magnets  which  come'i^n 
up  to  the  proposed  R.M.A.  standards  .  .  .  this  is  our  minimunit]H|||9 
requirement.  A  quality  floor  below  which  we  refuse  to  go. 

Nor  are  we  satisfied  that  ordinary  production  and  inspection^^ 
methods  offer  you  adequate  quality  protection  ...  we  individuall^^* 
test  each  Arnold  magnet  in  a  loud  speaker  structure  before  shipment. 

Another  ^'individual  touch”  which  has  contributed  to  winning 
industry-wide  customer  acceptance  for  Arnold  magnets  is  our  estab¬ 
lished  minimum  standard  of  4,500,000  BHmax  for  Alnico  V  material. 

Over  five  million  Arnold  loud  speaker  magnets  of  the  R.M.A.  type 
have  been  produced  since  V-J  Day  under  these  quality  safeguards. 
Continued  adherence  to  them  assures  you  of  long-lived,  dependable 
product  performance. 

In  the  mass- production  of  magnets,  the  Arnold  "indhidual 
touch”  does  make  a  difference.  Let  us  give  you  the  whole  story. 


December,  1946  —  ELECTRONICS 


i 


178 


THE  NON-METALUCS 


DESCRIPTIVE  UTERATURE 


Established  1895  ..  Mono  focturers  of  iaminoted  Plastics  since  1911 — 11)  •MU  AWAKE 


Paper  baae  Grade  XX  Dilecto  part 
used  in  electrical  equipment  as  an 
insulating  terminal  board  ...  a 
strong,  durable  laminate  with  high 
electrical  insulating  properties  and 
stability  under  extremes  oi  tern* 
peratuie  and  moistuie  conditions. 


C-D  PRODUCTS 


As  shown  in  New  C>D  Bulletin 
GF-46  spotlighting  properties 
oi  part  illustrated. 


DILECTO — Thermosetting  Laminates. 

CELORON — A  Molded  Phenolic. 

DILECTENE — A  Pure  Resin  Plastic  Especially  Suited  to 
U-H-F  Insulation. 

HAVEG — Plastic  Chemical  Equipment,  Pipe,  Valves 
and  Fittings. 


For  help  in  selecting  and  applying  the  non-metallic  that  will  give 
you  what  you  want  in  more  effective  insulation,  let  a  C-D 
technician  work  it  out  with  you.  Make  use  of  our  research  and 
engineering  facilities  which  for  half  a  century  have  kept  up 
with  the  rising  standards  of  product  performance. 

The  right  time  to  decide  what  material  to  use  is  while  your 
product  is  in  the  planning  stage  .  .  .  before  blueprints  and  de¬ 
tailed  specifications  are  completed.  Save  yourself  costly  errors 
in  production  and  performance  by  knowing  in  advance  the  non- 
metallic  that  best  meets  your  required  electrical  and  physical 
prop)erties. 

As  a  starter,  send  for  our  new  Bulletin  GF-46 

11  111  IT  SII\OUR  M 

which  contains  engineering  data  on  the  complete  | 
line  of  C-D  insulating  materials. 


Available  in  Standard  Sheets,  Rods  and  Tubes;  and 
Parts  fabricated.  Formed  or  Molded  to  Specihcations. 


Bulletin  GF  gives  Comprehensive  Data  on  all  C-D 
Products.  Individual  Catalogs  are  also  available. 


BRANCH  OFFICES:  NEW  YORK  17  •  CLEVELAND  14  •  CHICAGO  11  •  SPARTANBURG,  S.  C.  •  SALES  OFFICES  IN  PRINCIPAL  CITIES 

WEST  COAST  REPRESENTATIVES;  MARWOOD  LTD.,  SAN  FRANCISCO  3  •  IN  CANADA:  DIAMOND  STATE  FIBRE  CO.  OF  CANADA,  LTD.,  TORONTO  8 
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WEBSTER  ELECTRIC  CARTRIDGES 
MEET  THEM  FOR: 


triodes  and  two  PX25  triodes,  all 
in  matched  pairs.  The  rectifier  is 
a  5U4G.  Precaution  against  dam¬ 
age  to  the  output  tubes  has  been 


WEIGHT 


VOLTAGE  OUTPUT 
53^ TYPE  OF  TERWiNi 

53^ type  of  groun 

tracking  pres 


Electronic  portion,  record  chcmger.  and 
loudspeakers  oi  the  London  Reproducer  as 
▼iewed  from  the  back  of  the  cabinet.  The 
speaker  arrangement  is  designed  to  pro¬ 
vide  180-degree  sound  dispersal  and  avoid 
high-frequency  beam  effects 


taken  by  providing  individual  cath¬ 
ode  bias  resistors  and  grid  and 
anode  series  resistors  that  act  as 
stoppers  to  stop  parasitic  oscilla¬ 
tion. 

Power  consumption  in  the  Lon¬ 
don  reproducer  runs  to  130  watts 
at  110  volts  and  the  amplifier  out¬ 
put  is  six  watts  at  1,000  cycles.  It 
is  unnecessary  to  have  a  higher 
wattage  because  of  the  efficiency  of 
the  speakers.  This  limitation  on  a 
circuit  which  is  normally  capable 
of  producing  about  12  watts  at 
ordinary  distortion  levels  results  in 
an  exceptionally  low  distortion  fig¬ 
ure,  below  one  percent.  The  hum 
level  runs  around  —50  db. 

The  record  changer  is  a  Garrard 
R.C.  60  which  can  play  eight  10-  or 
12-inch  records  interchangeably. 
The  needle  armature  unit  is  about 
the  size  of  a  half-walnut  shell  and 
places  a  weight  of  only  27  grams 
on  the  disc.  The  case  of  the  pickup 
is  of  moulded  plastic,  the  two  halves 
being  hinged  at  the  rear  and  se¬ 
cured  by  a  single  screw.  The  sap¬ 
phire  point  is  free  from  self-reso¬ 
nance  over  the  frequency  range, 
and  has  a  radius  which  enables  it  to 
track  the  highest  audible  frequen¬ 
cies  accurately. 

Two  models  are  available,  one 
having  three  12-inch  p-m  loud¬ 
speakers,  the  other  having  six.  Of 
interest  to  designers  of  high-fidel¬ 
ity  equipment  who  are*  price  con¬ 
scious,  the  London  Reproducer 


#  The  Webster  Electric  line  of  cartridges  offers  a  complete 
selection  to  meet  the  requirements  of  your  present  day 
designs,  for  you  are  able  to  select  a  cartridge  with  your 
requirements  for  all  of  the  above  characteristics. 

Webster  Electric  Cartridges  are  carefully  designed  and 
manufactured  under  highest  quality  standards.  They  have 
been  on  the  market  for  years,  and  during  this  time  have 
proved  their  value  for  long  life  and  top  performance. 

You’ll  find  that  all  models  offer  exceptionally  uniform 
response  over  a  desired  range  of  frequencies,  and  are  made 
to  give  low  distortion  and  minimum  needle  noise. 

In  addition  to  the  Webster  Electric  line  of  cartridges, 
complete  tone  arm  assemblies  of  improved  design  are 
available  for  incorporating  in  new  equipment. 

For  full  information  on  both  cartridges  and  tone  arms, 
write  today  to  Webster  Electric  Company,  Racine,  Wis. 


{Licensed  under  patents  of  the  Brush  Development  Company) 


RACINE 


WISCONSIN 

Established  1909 

EspMt  Dapl.  13  E.  40Mi  SItmI,  Hnw  Yarii  (16),  N.  Y.  CoM*  Addrvss  "ARLAB"  N«w  York  CHy 

** Where  Quality  Is  a  Responsibility  and  Fair  Dealing  an  Obligation” 
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DESIGN 


Efficient  temperature  detection  and  control  practice  calls  for  durability 
as  well  as  sensitivity  in  the  controlling  instrument.  The  unique  design 
of  the  Fenwal  THERMOSWITCH  Control  embodies  both  great  physi¬ 
cal  ruggedness  and  desirable  performance  characteristics.  The  Fenwal 
design  provides  double  protection  against  abuse  and  mechanical  shock 
—  the  extremely  light  and  stiff  bridge  structure  of  the  internal  elec¬ 
trical  assembly  and  the  exceptionally  strong  outer  shell.  The  patented 
structure  of  the  internal  assembly  enables  it  to  function  in  any  posi¬ 
tion  in  spite  of  vibration  and  shock;  the  temperature  sensitive  outer 
shell  is  a  cylindrical  brass  or  stainless  steel  tube.  This  shell,  normally 
1/32"  thick,  can  be  furnished  in  greater  thicknesses  for  special  appli- 
cations.  Additional  ruggedness  is  afforded  the  THERMO¬ 
SWITCH  Control  by  selection  of  the  model  with  mounting 
facilities  best  suited  to  the  particular  application.  Chart 
shows  the  small  change  in  the  THERMOSWITCH  Control 
set  point,  compared  to  the  change  in  setting  of  two  other 
thermostats  under  similar  conditions,  when  the  unit  is 
subjected  to  a  mechanical  shock  of  lOOG. 

The  Fenwal  THERMOSWITCH  Control  stands  out  in 
the  field  of  heat  detection  and  regulation.  Inherent  in  its 
unique  design  are  many  advantages  that  make  It  ideal  for 
■■hhhJI  most  applications  that  call  for  temperature  regulation. 

Learn  about  these  advantages.  Sent/  for  a  copy  of  the 
Thermotechnics  Booklet  which  explains  the  ^'Fourteen  Facts  in  Fen- 
wal's  Favor”. 


*#9  of  the  "Fourteen  Facts  in  Fenwal's  Favor". 

FENWAL  INCORPORATED 

43  PLEASANT  STREET 

ASHLAND  MASSACHUSETTS 

Thermotechnics  for  Complete  Temperature  Regulation 
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TUBES  AT  WORK 


(continutd) 


ranges  from  $1495  to  $2500.  No 
tuner  is  provided,  but  spact  is 
available  in  the  cabinet. 


Radar-Guided  Bomb 

The  first  fully  automatic  guided 
missile  to  be  used  successfully  in 
combat  by  any  nation  was  the  Bat, 
a  flying  bomb  launched  from  a  plane 
and  guided  to  its  target  by  radar. 
The  name  suggests  the  principle  on 
which  the  weapon  operates  since 
live  bats  give  out  a  short  pulse  of 
sound  and  guide  themselves  by  the 
echo. 

The  Bat  is  a  low-angle-.qf-fligJit, 
self-controlled  airborne  homing^is- 
sile.  It  carries  a  bomb  mounted  jin 
a  glider  type  airframe  (air  sta¬ 
bilizer)  which  is  equipped  with  a 
radar  transmitter  and  receiver  to 
provide  directional  correction,  a 
gyroscopic  stabilizing  unit,  and  a 
servo  system  to  move  the  control 
surfaces  of  the  air  stabilizer.  The 
complete  unit  is  carried  by  aircraft, 
suspended  under  a  wing  or  below 
the  fuselage. 

The  transmitting  antenna,  as  well 


TIMERS 
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Special  electronic  gear  ia  used  to  check 
the  Bat  before  it  is  loaded  under  the 
corrTing  plane 


as  the  return  pickup  for  the  radar, 
are  in  the  nose,  concealed  by  a  half- 
spherical  wooden  shell.  The  im¬ 
pulses  are  transmitted  from  a  cross¬ 
shaped  antenna,  the  arms  of  the 
cross  being  about  six  inches  across. 
Directly  behind  this  is  a  12-inch 
metal  reflector,  mounted  off  center. 
When  the  Bat  is  in  flight,  the  re¬ 
flector  whirls  rapidly  with  the  same 
sort  of  gyration  performed  by  a 
phonograph  record  off-center.  Be¬ 
cause  of  this  eccentric  movement, 
it  is  possible  for  the  gyro  and  radar 


Time  alone  can  prove  the  value  of  a  timing 
device.  For  unless  its  accuracy  is  constantly 
maintained  through  years  of  functioning,  its 
cost  may  reach  unwarranted  proportions.  That 
is  why  it  is  wise  to  choose  HAYDON  Timers. 
They  have  been  time-tested  in  every  field  of 
industrial  timing — have  proved  their  low 
cost  through  years  of  faithful  service. 

AC  Timing  Motor.  Available  450  RPM  to  1 
Rev.  per  month.  Manufactured  to  your  spe¬ 
cific  voltage,  frequency,  speed  and  torque 
requirements. 

1  r  1 

TIMING  ENGINEERING  SERVICE 

fiavdon 
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or  GENERAL  TIME  INSTRUMENTS  ^ 


WILCO  CONTACn 


WIICO  PRODUCTS  INCLUDE: 


CONTACTS 

Silver  -  Platinum  -  Tungsten  •  Alloys 
Sintered  Powder  Metal 

THERMOSTATIC  BIMETAL 

All  temperature  ranges,  deflection 
rates  and  electrical  resistivities. 

SILVER  CLAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar  or 
othes  combinations  requested. 

ROLLED  GOLD  PLATE  AND  WIRE 

NUSPAN  C* 

New  Constant  Modulus  Alloy 
SPECIAL  MATERIALS 

VRetr.  Trade  Hark,  The  International  Nickel  Co.,  Inc. 


Modern  industry  utilizes  WILCO  CONTACTS  in  frequency 
operations  of  every  range  both  because  of  their  longer  service 
life  and  because  they  assure  maximum  ductility,  hardness, 
density,  freedom  from  sticking,  low  metal  transfer,  high 
conductivity  and  arc-resistance. 

These  same  peerless  WILCO  qualities  of  stamina  and  preci¬ 
sion  performance — assured  by  exclusive  WILCO  processes — 
will  keep  the  power  flowing  in  your  products.  WILCO  engi¬ 
neers  will  gladly  help  you  select  from  a  great  variety  of  avail¬ 
able  WILCO  contact  materials  the  particular  contacts  suited 
to  your  needs — or  develop  new  alloys  for  special  purposes. 

_  _  THE  H.  A.  WILSON  COMPANY 

'  105  Ch*$tnut  StrMt,  Newark  5,  N.  J.  •  Branch  Offkat:  Chicago,  Detroit,  Los  Angeles,  Providence 

SPECMLISTS  FOR  30  TERRS  IH  THE  MRNUFRCTIIRE  OF  TNERMOMETRIS  •  ELECTRICAL  CONTACTS  •  PRECIOUS  METAL  OIMETALLIC  PRODUCTS 
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NEWEST 


N»w  Fipeh  AA4-PM  Radio  tor 
•roeoMng  both  sound  end 
factimilo.  Consofo  modal 


Now  Finch  AM~FM  Radio 
for  rocoiving  both  Bound 
and  faciimilo.  Tabfo  modal 


FINCH  TELECOMMUNICATIONS,  INC. 

AcJciress  all  inquiries  to  Sales  Office  1C  EAST  40th  STREET  •  NEW  YORK  16  N  Y 

Makers  of  Facsimile  Broacfcast  Transmitting  Equipment,  Fticsimile  Home  Recorders, 
Facsimile  Duplicating  Machines,  and  Finch  Rocket  Antenna  for  FM  stations. 


TUIES  AT  WORK  (coiit;r.u*<|) 

pickup  to  determine  whether  the 
impulses  bouncing  off  the  target  are 
coming  from  the  right  or  the  left 

In  directing  the  course  of  the  Bat 
the  radar  unit  and  gyro  work  to¬ 
gether,  the  gyro  transmitting  to  the 
servo  unit  proper  instructions  to 
keep  the  bomb  on  even  keel,  and  the 
radar  at  the  same  time  transmitting 
directions  to  the  servo  for  any  nec¬ 
essary  changes  in  course. 

The  servo  manipulates  the  con¬ 
trol  surfaces  of  the  wings  of  the 
bomb.  The  weapon  is  not  pro¬ 
pelled;  the  power  for  the  glide  is 
obtained  from  the  speed  at  release 
and  the  pull  of  gravity. 

Operation 

The  target  is  located  by  the 
standard  search  radar  of  the  plane. 
The  plane  is  then  headed  toward 
the  target  and  the  radar  trans¬ 
mitter  and  receiver  in  the  weapon 
are  directed  toward  the  selected 
target.  The  target  data  from  the 
radar  in  the  missile  are  displayed  on 
a  separate  electronic  indicator, 
mounted  in  the  parent  plane,  which 
is  controlled  and  interpreted  by  the 
operator.  After  the  radar  equip¬ 
ment  is  manually  adjusted  it  is 
switched  to  automatic  tracking.  The 
plane  is  maneuvered  to  aim  the  Bat 

After  release,  the  missile  is  com¬ 
pletely  self -controlled  and  automat¬ 
ically  homes  on  the  selected  target. 
The  plane  is  free  to  pursue  any  de¬ 
sired  course  of  further  attack  or 
evasion. 

Directional  correction  of  the 
weapon  is  obtained  through  the  il¬ 
lumination  of  the  target  by  the  ra¬ 
dar  transmitter  in  the  Bat.  Thus 
echos  from  the  target  are  continu¬ 
ously  detected  by  the  radar  receiver 
and  the  output  to  the  flight  control 
units  indicates  the  direction  of  the 
target  with  respect  to  the  axis  of 
the  missile. 

The  Bat  is  approximately  12  feet 
long,  and  has  a  10-foot  wing  span. 
Its  speed  is  comparable  to  that  of 
high-speed  aircraft  and  its  range 
great  enough  to  allow  the  mother 
plane  to  operate  well  out  of  the 
enemy’s  longest-range  anti-aircraft 
fire.  This  missile  was  developed  by 
the  Bureau  of  Ordnance  of  the 
U.  S.  Navy  to  accomplish  long- 
range,  high-accuracy  bombing  from 
aircraft  regardless  of  visibility  con¬ 
ditions  of  the  target.  Though  de- 
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Si’s 


NC-2-40D 


Beauty  goes  deep  in  the  NC-2-40D.  Deep  inside  the 
chassis  parts  of  watchlike  precision  are  assembled 
with  painstaking  care.  Carefully  designed  mechanisms 
enable  the  controls  to  respond  to  your  slightest 
touch.  Thorough  shielding  helps  circuits  to  develop 
the  fine  performance,  stable  operation  and  uniform 
response  that  you  expect  of  a  National  receiver.  We 
invite  you  to  study  the  photographs  above.  They 
are  pictures  of  quality. 

NATrONAL  COMPANY,  INC.,  MALDEN,  MASS. 
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TUBES  AT  WORK  (continu.d) 

signed  primarily  for  use  against 
sea  targets,  under  certain  condi¬ 
tions  it  may  be  effectively  used 
against  land  targets. 

The  Bat  may  be  carried  by 
carrier  fighters  or  other  ship- 
borne  aircraft  as  well  as  Xa\7 
Privateers.  The  flight  characteris¬ 
tics  of  the  aircraft  are  only  slightly 
affected  by  the  Bat,  and  flight  oper¬ 
ations  are  not  at  all  affected. 


ULTRASONIC  DEFOGGEK 


★  What  have 
assembly  costs  and 
to  do  with  size 
or  location  of  holes  ^ 
for  fastenings? 


The  connection  is  as  close  as  the 
fingers  of  your  hand. 

A  fraction  of  an  inch  one  way  in  the 
size  or  location  of  a  hole  —  and  stand¬ 
ard  Milford  fastening  equipment  can 
be  used:  thousands  of  dollars  added 
to  profit.  A  fraction  of  an  inch  the 
other  way  —  and  special  Milford 
fastening  equipment  must  be  used: 
thousands  of  dollars  added  to  cost. 

To  see  how  an  assembly  that  appar¬ 
ently  requires  special  Milford  fasten¬ 
ing  equipment  could  be  done  faster 
and  at  lower  cost  with  standard  equip¬ 


ment  comes  from  knowing  all  the 
mechanical  possibilities  of  fastenings 
with  rivets  and  rivet-setting  machines. 

Milford  engineers  will  gladly  share 
their  vast  knowledge  of  the  intricate 
field  of  fastenings  so  that  wherever 
possible,  standard  equipment  may  be 
used.  (It’s  simply  good  business  to 
keep  customers’  costs  down.) 

Even  before  a  design  reaches  the 
drawing  board,  explore  fastening 
methods  with  a  Milford  engineer. 
Consultation  is  in  strictest  confidence 
and  without  obligation. 


THE  MILFORD  RIVET  &  MACHINE  CO. 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


Inqvirim*  mor  alto  b*  oddttifd  to  out  tubtidiorfi 

THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  33.  PENNA. 

Dadgnon  and  Monulocturort  oh  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMi-TUBUUR  AND  DEEP. 
DRILLED  RIVETS;  RIVET-SEHING  A^CHINES;  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 


Although  not  itself  intended  to  disperse 
log.  the  machine  shown  ahore  is  used 
experimentally  by  Ultrasonic  Corporation 
to  determine  the  requirements  of  equip¬ 
ment  which  it  is  hoped  will  disperse  fog 
ultrasonically.  In  the  laboratory,  log  par¬ 
ticles  bombarded  by  sound  waTes  collide, 
form  masses  heary  enough  to  fall  as  rain 


GUIDED  MISSILE 
PLOWSHARE 


Radio  control  equipment  used  in  the 
Queen  Bee.  target  plane  lor  AA  practice, 
has  been  adapted  to  control  on  English 
farm  tractor 
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GiHERAL  ILiCTtlC  PLASTICS  rACTOftItS  All  LOCATiO  IN 
R.  Wayn*,  liid.  Conn.  *  Sa 

Tavnlon,  Mats.  Lyn«»  Pi«i 
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that 


plates  are  * 

.MO  they  ST 


Here’s  a  schematic  diagram  that  will  last  as  long  as  the 
equipment  on  which  it  goes — in  years  to  come,  maintenance  men 
will  be  able  to  get  at  a  glance  the  information  they  need. 

It’s  made  of  tough  and  durable  G-E  Textolite  laminated 
plastics  and  has  good  chemical,  weathering,  and  impact  resistance — 
excellent  electrical  insulating  properties  too.  The  precise  drawing 
in  red  and  black  is  quick  to  read,  and  strong  construction  insures 
this  readability  for  many  years. 

G-E  Textolite  instruction  plates,  control  dials,  charts,  and 
nameplates  have  proved  superior  to  those  made  with  other  ma¬ 
terials  in  many  applications,  and  so  that  various  application  require¬ 
ments  can  be  met  satisfactorily  and  economically,  several  types  are 
available — Graphic,  Engraved,  Printed,  Stamped,  or  Embossed. 

Why  not  investigate  the  possibility  of  preserving  that  im¬ 
portant  product  information  on  your  equipment  with  G-E  Textolite 
instruction  plates.  Write  to  Seaion  5-o,  General  Electric  Com¬ 
pany,  Plastics  Division,  Chemical  Department,  One  Plastics  Avenue, 
Pittsfield,  Mass. 

tl-E  TEXTOLITE  IS  SUPPLIED  IN  THE  FOLLOWING  FORMS: 

Sheets,  tubes  and  reds  Fabricated  parts  Molded-laminated  parts 

Post-farmed  laminates  Instruction  plotes  Translucent  laminates 

Low-pressure  molded  parts 
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Fault  Locator  for  Power  Lines 


The  circuit  of  an  instrument  for 
location  of  accidental  grounds  on 
overhead  electric  power  distribution 
lines  is  shown  in  the  diagram.  These 
grounds  are  frequently  not  visible 
by  patrolling  the  lines,  and  may 
occur  on  any  one  of  numerous  latr 
eral  taps  of  the  main  primary  cir¬ 
cuit.  Lightning  arresters,  particu¬ 
larly  the  older  types  still  in  service 
in  large  numbers,  are  frequent  of¬ 
fenders. 

Before  using  the  instrument,  the 
fault  circuit  is  energized  from  the 
normal  power  source  through  a  ca¬ 
pacitor.  The  resulting  current  flow 
can  then  be  followed  with  the  fault 
locator  directly  to  the  fault  location. 
The  sensitivity  of  the  electronic 
fault  locator  permits  following  rural 
primary  lines  by  car  at  a  distance 
of  100  yards  or  more. 

An  electrostatically  shielded  loop 
antenna  consisting  of  1,500  turns  of 
enameled  wire  wound  in  a  steel 
housing  is  used  to  pick  up  the  fault 
current.  A  shielded  cable  conducts 
the  signal  from  the  loop  to  the  in¬ 
put  of  the  amplifier.  The  loop  coil 
is  connected  in  series  with  an  iron- 
cored  reactor,  and  a  capacitor  tunes 
this  combination  to  resonance.  Two 
additional  tuned  circuits  are  con¬ 


tained  in  two  following  stages  of 
the  amplifier. 

A  step  attenuator  which  changes 
the  gain  approximately  3  to  1  be¬ 
tween  adjacent  taps  is  connected 
between  the  first  tuned  circuit  and 
the  grid  of  the  first  amplifier  tube 
so  that  amplifier  overload  does  not 
take  place,  provided  the  meter 
pointer  is  kept  on  scale. 

Stability 

The  iron-cored  inductances  are 
designed  to  eliminate  changes  in 
inductance  as  the  signal  input  level 
varies.  This  insures  that  the  cir¬ 
cuits  will  remain  tuned  to  the  de¬ 
sired  frequency  regardless  of  input 
signal  levels.  The  three  tuned  cir¬ 
cuits  provide  selection  to  either  of 
two  desired  tracing  frequencies,  60 
or  300  cycles.  The  sensitivity  of 
the  overall  instrument  is  such  that 
good  readings  are  obtained  at  10 
feet  from  unshielded  300-cycle  cur¬ 
rents  of  0.0002  ampere  or  less. 
When  the  frequency  selector  switch 
is  placed  in  the  300-cycle  position, 
the  response  to  60-cycle  pickup  is 
down  approximately  1,000  to  1. 

One  effect  of  feeding  the  faulted 
circuit  with  a  capacitor  is  to  pro¬ 
duce  a  high  percentage  of  harmonic 


currents.  The  equipment  is  sharply 
tuned  to  one  of  the  harmonics  for 
discriminating  against  signals  re¬ 
sulting  from  nearby  circuits  carry, 
ing  normal  currents.  A  second  ef¬ 
fect  of  the  capacitor  feed  is  to  limit 
the  flow  of  current  in  the  faulted  ' 
circuit  to  a  safe  value.  A  protective 
fuse  is  used  with  the  capacitor, 
which  may  be  a  15-kva  phase-cor¬ 
recting  type. 

The  detector  may  also  be  tuned 
to  any  frequency  not  harmonically 
related  to  60  cycles,  for  use  with  a 
special  tracing  signal  generator 
such  as  a  buzzer  or  tone  generator. 
According  to  the  manufacturer, 
Raytron,  Inc.  of  Jackson,  Michigan, 
underground  cables  can  also  be 
checked  for  faults  provided  that  the 
fault  is  broken  down  to  a  low  re¬ 
sistance  by  the  capacitor  feed 
method,  and  the  tracing  current 
does  not  flow  along  the  sheath  to 
low-resistance  grounds  past  the 
fault.  In  such  cases,  the  signal  is 
followed  above  ground  with  the  loop 
and  locator. 


Supersonic  Flaw  Detector 

During  the  war,  the  Reich  Gov¬ 
ernment  offered  a  prize  for  a 
method  of  testing  for  faults  in 
metals  that  cannot  be  tested  by 
x-ray  or  magnetic  methods. 

These  faults  are  in  the  nature  of 
“doubling”  that  occurs  when  metal 
is  being  rolled,  as  a  result  of  bub¬ 
bles  that  existed  in  the  metal  be¬ 
fore  rolling  began.  With  so  much 
sheet  aluminum  alloy  being  used  in 
aircraft  manufacture  it  was  obvi¬ 
ously  important  that  flaws  should 
be  detected  before  flight. 

One  method  of  doing  this  is  to 
pass  high  current  through  the  test 
sheet  and  to  measure  the  voltage 
drop  between  various  points.  This 
method  is  workable  but  the  accu¬ 
racy  depends  very  much  on  surface 
conditions. 

The  method  eventually  adopted 
by  the  Nazis  employed  a  quartz 
crystal  operating  at  a  frequency  of 
one  me  as  a  generator,  with  the  fre¬ 
quency  wobbled  100  cycles  to  avoid 
standing  waves  in  the  test  sheet  or 
between  the  transmitter  and  re¬ 
ceiver. 

The  vibrations  pass  from  the 
transmitter  through  a  metal  block, 
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To  avoid  damage 
from  Oxidation . . . 


protect  with  NITROGEN 


LINDE  Nitrogen  provides  an  ideal  means  of  protection 
against  oxidation  and  corrosion  by  air.  For  packaging 
dehydrated  foods;  for  deaerating,  processing,  storing 
and  packaging  fats  and  oils  of  all  kinds;  or  for  pro¬ 
viding  an  inert  atmosphere,  free  of  impurities,  for  the 
complete  protection  of  practically  any  material  sus¬ 
ceptible  to  oxidation,  use  Li>de  Nitrogen. 

LINDE  Nitrogen  is  99.7%  pure,  but  is  also  available 
bone  dry  and  at  higher  purity  for  special  applica¬ 
tions.  It  is  supplied  as  a  compressed  gas  in  cylinders 
containing  224  cu.  ft.  each,  or  in  bulk  in  tank-truck 
and  tank-car  lots  as  a  liquid  which  is  converted  into 
gaseous  nitrogen  as  required.  Linde  Nitrogen  in  hulk 
offers  remarkable  savings  in  cost  and  eliminates  cyl¬ 
inder  handling. 

Write  or  call  the  Linde  office  nearest  you. 


The  Linde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 
30  E.42nd  St.,  New  York  17,  N.  Y.  •  Offices  in  Other  Principal  Cities 

The  wurdt  "Linde”  and  ”Preat-0-Lite”  are  refiatered  trade-marka. 


HYDROGEN  •  NITROGEN  •  OXYGEN 
ARGON  •  ■  HELIUM  •  KRYPTON  •  NEON 
XENON  —  J^ijeAtO-..Qte  ACETYLENE 


LINDE  has  offices  in 
Principal  Cities 

Eastern  States 

Baltimore,  Md. 

Boston,  Mass. 

Buffalo,  N.  Y. 

Charleston,  W.  Va. 

New  York,  N.  Y. 
Philadelphia,  Pa. 
Pittshurgh,  Pa. 

Central  States 

Chicago,  Ill. 

Cincinnati,  Ohio 
Cleveland,  Ohio 
Detroit,  Mich. 
Indianapolis.  Ind. 
Milwaukee,  W  is. 
Minneapolis,  Minn. 

St.  Louis,  Mo. 


Southern  States 

Atlanta,  Ga. 
Birmingham,  Ala. 
Jacksonville,  Fla. 
Memphis,  Tenn. 

New  Orleans,  La. 

Southwestern  States 

Dallas,  Texas 
Denver,  Colo. 

Houston.  Texas 
Kansas  City,  Mo. 
Tulsa.  Okla. 

Western  States 

Butte,  Mont. 

El  Paso,  Texas 
Los  Angeles,  Calif. 
PluYenix.  Ariz. 
Portland,  Ore. 

Salt  Lake  City,  Utah 
San  Francisco,  Calif. 
Seattle,  Wash. 
Spokane,  Wash. 
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CORNISH  WIRE  CO.,  tc 

15  Park  Row  •  New  York  City.  7 


INDUSTRIAL  CONTROL  (conflnutd) 

SO  as  not  to  expose  the  quartz  crys¬ 
tal  to  water,  and  thus  simplify  the 
insulation  problem.  Water  is  ad¬ 
mitted  to  the  test  chamber  by  the 
inlet  and  is  allowed  to  escape  where 
the  chamber  makes  contact  with 
the  sheet  being  tested,  by  means  of 
rollers.  These  rollers  maintain  the 
gap  constant  at  0.5  mm  and  also 
facilitate  movement  of  the  trans¬ 
mitter. 

The  continuously  flowing  water 
maintains  good  acoustic  contact, 
even  during  motion  of  the  sheet,  by 
not  permitting  air  to  enter  and 
form  bubbles. 


Receiver 

The  receiver  is  somewhat  similar 
to  the  transmitter,  acoustic  contact 
being  again  maintained  with  water. 


Transmitter  unit  of  the  supersonic  flaw 
detector  for  sheet  metal 

except  that  there  are  two  outlets, 
one  at  the  test  sheet  and  one  in  the 
walls  of  the  chamber,  so  that  bub¬ 
bles  formed  in  the  chamber  may  es¬ 
cape.  This  is  necessary  because  the 
main  opening  is  very  small  in  the 
case  of  the  receiver. 

The  transmitter  and  receiver 
were  mounted  on  long  tongs  and 
were  pressed  into  contact  with  the 
test  sheets  by  hand  or  by  springs. 
The  apparatus  was  apparently  suc¬ 
cessful  and  even  rapid  movement 
across  the  sheet  did  not  interrupt 
contact.  Tests,  however,  showed 
that  an  air  gap  between  the  work 
and  the  transmitter  or  receiver  was 
very  serious  and  even  one  of  lO** 
mm  caused  a  99  percent  drop  in 
transmission,  hence  the  necessity 
for  avoiding  air  bubbles.  Rust  or 
slag  also  caused  a  drop  but  not  so 
much  and  since  the  metal  tested 
would  generally  be  smooth  the  ap¬ 
paratus  was  probably  very  useful. 
— ^J.  H.  J. 


Resin  Adhesives  for 
R-F  Heating 

In  diel£CTRIC  heating  for  gluing  of 
wood,  the  molecular  friction  will 
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volts  A.C,  or  0.5  amperes  at  11$ 
volts  D.C.  The  contaa  air  gap  and 
spring  tension  are  adjustable  for 
critical  applications. 


tive  action  and  its  unu: 
speed  of  response. 


The  EBY  sensitive  relay  is  de* 
signed  for  direct  current  (full  or 
half* wave  reaified)  control  circuits 
where  the  available  power  for 
operation  is  relatively  small.  Its 
low  power  consumption  for  positive 
operation  makes  it  ideal  for  installa* 
tion  in  photoelectric  control  equip¬ 
ment.  vacuum  tube  amplifier  circuits 
and  to  protea  delicate  contaas  of 
sensitive  control  instruments. 


The  EBY  sensitive  relay  can  be 
supplied  with  five  different  coil  sizes 
covering  most  of  the  operational 
needs  in  sensitive  relay  control  ap¬ 
plications.  The  standard  coil  values 
are:  300,  1000,  2500,  5000  and 
10,000  ohms  resistance.  The  relay  is 
rated  at  1 1.25  milliwatts  for  positive 
operation;  however,  it  can  be 
adjusted  for  less  when  needed.  The 
coils  will  safely  carry  2  watts. 


BASE: 

Molded  phenolic. 


MAGNETIC  CIRCUIT: 

The  EBY  sensitive  relay,  because 
of  the  advanced  design  of  the  arma¬ 
ture,  and  by  the  use  of  a  high  quality. 
Special  steel  alloy  in  the  magnetic 
circuit,  has  the  outstanding  features 
of  low  power  requirement  for  posi- 


CONTACTS: 

Contacts,  single-pole,  double 
throw,  are  of  coin  silver  and  are 
rated  to  carry  2.5  amperes  at  115 
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ELECTRONIC  REGULATED 
POWER  SUPPLIES 


IMMEDIATE 

DELIVERY 


Speeiticafions: 

input:  115  V.  50-60  cycle. 

Regulation:  Less  than  l/IO  volt  change  in  output  voltage  with  change  of  from 
85  to  145  V.A.C.  input  voltage  and  from  NO  LOAD  to  FULL  LOAD  (over 
vnry  wide  latitude  at  center  of  variable  range.) 

Ripple:  Less  than  5  millivolts  at  all  loads  and  voltages. 

'  Fits  any  standard  19"  rack  or  cabinet. 

TYPE  A:  Variable  from  210  to  335  V.D.C.  at  400  M.A. 

TYPE  B:  Variable  from  535  to  915  V.D.C.  at  125  M.A. 

Designed  by  one  of  the  foremost  electronic  communication  laboratories  in  the  coun¬ 
try;  constructed  by  its  equally  noted  associate  company;  and  built  for  the  U.  S. 
Army  as  Power  Supply  RA-57-A  to  be  used  in  conjunction  with  the  microwave 
RADAR  set  SCR  547.  Equipment  was  never  used  and  was  obtained  in  their  original 
packing  crates. 

Adapted  to  civilian  use  by  mounting  on  I2l/|"  x  19"  panel,  black  crackle  finish, 
and  installing  milliammeters,  voltmeters,  fuses,  switches,  pilot  lights,  terminals, 
power  cords,  and  all  other  necessary  auxiliary  items. 

Consfruefion  Features: 

Weston  Model  301  (or  equal)  Milliammeter  and  Voltmeter. 

Separate  switches,  pilot  lights,  and  fuses  for  FILAMENT  AND  PLATE  VOLTS. 
All  tubes  located  on  shockmount  assemblies. 

Fuses  mounted  on  front  panel  and  easily  accessible. 

Can  vary  voltage  by  turning  small  knob  located  on  front  of  panel. 

Can  easily  modify  unit  from  positive  to  negative  output  voltage  by  changing 
two  leads. 

All  individual  components  numbered  to  correspond  with  numbers  on  wiring 
diagram. 

Rigid  Construction:  Individual  components  were  designed  to  withstand  the 
most  severe  military  conditions — both  physical  and  electrical — and  were  greatly 
under-rated.  .. 

Tube  complement.  Type  A:  2-836;  6-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Type  B:  2-836;  2-6L6;  2-6SF5;  I-VRISO;  l-VRIOS 
Overall  dimensions:  19“  wide,  12V4"  bigh,  11"  deep 
Net  weight:  80  pounds.  Shipping  weight:  95  pounds. 

Some  of  the  current  users  of  these  power  supplies  include  nationally  known  electronic 
and  commuunicatlons  measurement  laboratories;  aircraft,  metallurgical  and  chemical 
research  labs;  technical  schools;  commercial  radio,  F.M.  and  television  stations; 
amateurs;  civilian  RADAR  installations;  etc. 

All  uni  ft  checked  and  inspecfed  af  150%  rated  load  before  shipmenf. 

NET  PRICE:  Type  A:  $175.00;  Type  B:  $168.00  F.O.B.  Baltimore 

Prices  sebject  to  ckaege  withoef  eofice 

NATIONAL  RADIO  SERVICE  CO. 


Reisterstown  Rd.  &  Cold  Spring  Lone 


Baltimore  15.  Md. 


INDUSTRIAL  CONTROL  (continued) 

vary  with  the  moisture  content  aiui 
density  of  the  wood,  neither  of 
w’hich  are  entirely  uniform,  and 
there  will  be  more  or  less  resultinjr 
variation  in  the  heat  of  the  wood. 
The  degree  of  variation  is  .seldom 
significant,  but  should  not  be  over¬ 
looked. 

It  is  desirable  to  keep  the  heat 
of  the  wood  below  the  boiling  point 
of  water  to  avoid  internal  steam 
pre.ssure  and  a  temperature  no 
higher  than  180  F  is  desirable.  At 
a  glue  line  temperature  of  100  F, 
Amberlite  PR-115,  a  resorcinol- 
formaldehyde  resin,  and  Uformite 
CB-552,  a  urea-formaldehyde  resin 
adhesive,  will  attain  cure  in  about 
90  minutes;  at  125  F,  15  and  25 
minutes  respectively;  at  150  F,  3 
and  8  minutes;  and  at  175  F,  one 
and  three  minutes. 

It  is  therefore  important  to  regu¬ 
late  the  temperature  and  time  to 
secure  an  initial  grip  in  the  glue 
joint  before  heat  and  pressure  are 
released,  since  further  adequate 
cure  will  come  from  the  heat  stored 
in  the  wood  or  even  at  normal  room 
temperatures. 

Both  resins  produce  highly  watei  - 
resistant  joints.  Bonds  made  with 
Uformite  CB-552  are  adequate  for 
products  used  indoors  and  in  pro¬ 
tected  locations,  while  those  made 
with  Amberlite  PR-115  are  more 
durable  than  the  wood  itself  and 
are  adequate  for  weather  expos;  i  : 
and  the  severe  service  required  for 
boats  and  marine  structures.  Both 
are  made  by  Resinous  Products 
and  Chemical  Company  of  Phila¬ 
delphia. 


Materials  Tester 

When  a  beam  of  ultrasonic  vibra¬ 
tions  impinges  on  a  specimen, 
the  energy  of  the  signal  is  re¬ 
distributed  by  several  distinct 
processes.  The  three  general  effects 
are  reflection,  transmission,  and 
absorption  —  analogous  to  light, 
heat,  or  audible  sound  behavior. 
However,  because  the  wavelengths 
involved  are  comparable  to  the 
length  of  travel  in  portions  of 
specimens  frequently  examined, 
and  because  ultrasonic  transmission 
is  a  mechanical  phenomenon,  cer¬ 
tain  information  about  the  mechan- 
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ELECTRICAL  BRUSHES  AND  CONTACTS  (All  carbon,  graphite,  metal  and  composition  types)  •  RARE 
METAL  CONTACTS  •  WELDING  CARBONS  •  BRAZING  TIPS  AND  BLOCKS  •  PACKING,  PISTON, 
AND  SEAL  RINGS  •  CARBON  REGULATOR  DISCS  •  MOLDED  METAL  COMPONENTS,  ETC. 


^  FIG.  1*  Sfocirpof*  Powdered 
Iron  Sleeve  and  Core  used  for  Dtode 
Trofitfonner  (l-F)/  Anlnnna,  Osciifolor, 
or  Fdtnr  Cods,  elc. 


The  Modern  Answer  to 
Better  Coils  in  Less  5pai 


FIG.  2.  Grade  SKI  corn  and  powdered 
iron  sleeve  (.790  O.  D.  x  V/t’  hng) 
used  wHh  permeability  tuning  in  auto 
radio  receiver. 


By  USE  of  Stackpole  Sleeve  Beside  supplying  additional 
Cores,  much  smaller  cans  o/tfwy  electrostatic  and  electromag* 

material  may  be  used  to  provide  netic  protection  over  that  pro* 

Q  that  is  equal  to  or  better  than  vided  by  the  can  alone,  sleeve 

that  of  conventional  coils  and  cores  result  in  making  the  car 

cans.  Thus  they  pave  the  way  to  itself  smaller,  less-  critical  anc 

an  exceptionally  high  order  of  less  costly.  Inexpensive  die  casi 

tuning  unit  efficiency  in  greatly  lead  cans,  for  instance,  may  be 

reduced  size.  A  few  of  many  de-  used  instead  of  aluminum.  Ir 

sign  possibilities  are  indicated  some  cases,  it  may  not  even  b( 

in  the  accompanying  sketches.  necessary  to  use  a  can. 

STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA 

EXPORT:  Stackpole  Carbon  Co.,  254  W  ’.  34th  St.,  Sew  York  I,  S.  Y.,  L’.  S.  A. 


FIG.  3.  Two  Stackpoln  cores  and  pow¬ 
dered  iron  sleeve  used  in  a  double 
tuned  l-F  transhrmer  application. 
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THAT  IS  IF  VERY  VERY  EXPENSIVE  HORN  LOADED 
LOUD  SPEAKERS  INTEREST  YOU 


CIOSI  QUAHTERS 


510  NORTHAMPTON  ST 


WELLER  MFG.  CO.  •  Easton,  Pa. 
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Export  Dept.— S5  Warren  Street,  New  York  7,  N.  Y. 

In  Canada — Atlaa  Hadio  Corp.,  Ltd.,  560  Kin;  Street  N.  W.,  Toronto,  Ont, 


DON’T  WRITE  NOW— JUST  REMEMBER  THE  FULL  NAME 

VOIGT  PATENTS  LTD. 


(for  indoor  P.A.,  Laboratories,  monitoring,  or  the  home) 

WE  ARE  ONE  OF  THE  SMALLEST  FIRMS  IN  THE  TRADE 
NOT  YET  IN  POST  WAR  PRODUCTION 


A  PROVED  reloy 
lor  NEW  uses 

Orifiinally  developed  for  our  Vehicle- 
Actuated  Traffic  Control  Systems,  the  AC2 
relay  is  now  {jenerally  available.  Fast- 
acting  compact,  huilt  to  handle  up  to  ten 
million  operations  a  year.  Clean  operation 
of  as  many  as  ten  sets  of  contacts  on  each 
relay,  with  circuit  closure  of  as  little  as 
.010  seconds,  is  provided  for  on  this 
precision  instrument. 

Even  where  insulation  resistance  in  excess 
of  300  megohms  is  required  after  long 
service,  the  A('2  relay  assures  it  through 
a  method  of  encasing  each  individual 
contact  spring  in  phenolic  insulation. 

All  connections  at  rear,  including  coil 
connections,  make  the  AC2  well  adapted  to 
vertical  rack  mounting.  Drilled  with  four 
mounting  holes  for  No.  8  screws.  Centers 
Hie"  horizontal  x  L'jjg"  vertical. 

Coils  for  115  volts,  60  cycles,  and  12  volts, 
60  cycles,  and  pure  silver  contacts 
diameter  (rated  5  anqis.  115V  AC  non- 
inductive)  and  diameter  (rated  10 

amps.  1 15V  AC  non-inductive)  are  standard. 
Other  contacts  and  coils  can  be  sup{>lied 
on  special  order. 

Overall  width  1^"-  Relay  extends  2'?'|6" 
forward  and  ^le"  backward  from  mounting 
surface.  Overall  height  2^"  from  bottom 
of  armature  to  top  of  vertical  contact 
guards.  This  height  will  accommodate  4 
average  contact  assemblies,  2  in  each 
pileup.  Each  additional  contact  assembly 
adds  approximately  to  the  overall 
height 

Our  Engineering  Department  can  be  of 
valuable  assistance  to  you  in  adapting 
this  relay  to  your  present  products  or 
your  new  designs.  Write  us  your  problems 
and  requirements. 

AUTOMATIC  SIGNAL  DIVISION 

Eastern  Indnstries,  Incorporated 
100  Rtgant  StrMt 
East  Norwalk,  CaanMticut 


Ntw  SOLDERING  GUN 
,vi/ith  adjustable  tip 

FOR  TOUGH  JOBS 


HEATS /X 


TIP  ADVANTAGES 


STAYS  TINNED- 
NO  lURNING 


SEE  WHERE 
YOU  SOLOER 


High  heat  pro¬ 


duced  in  loop  type 


lip  by  induction  prin 


ciple  gives  speed  and 
flexibility  to  soldering 
with  the  new  gun  type 
Speed  Iron.  Ideal  for  inter¬ 
mittent  operation  on  maintenance  and  radio  service  work. 

Available  at  your  radio  parts  distributor  or  write 
direct  for  descriptive  bulletin. 

*  115  Volt  60  Cycle  100  Wafts 

★  Built-In  Light  Weight  Transformer 
Intermittent  Operation  With  Trigger  Switch 

^  Can’t  Overheat  or  Burn  Out 
'A  Tip  Heats  And  Coots  Fast 
'A  Impoct  Resisting  Cose 
A  Soldering  Heat  In  5  Seconds 


/More  and  More  Users  of  ixtruded  Vinyl  Tubittg 

are  Standardizing  on 

NATVAR  ”400 


Most  users,  to  make  sure  that  they  get  the  right  tubing  for  a  particular  job,  run 
tests  on  the  various  extruded  tubings  available  to  find  out  whether  they  are 
suitable.  For  some  applications,  heat  resistance  is  of  primary  importance.  For 
others,  it  may  be  tensile  strength,  high  dielectric,  oil  resistance,  low  moisture 
absorption,  or  a  combination. 

Before  Natvar  #400  was  available,  it  was  often  the  practice  to  stock  several 
different  types  of  special  purpose  tubings.  This  is  no  longer  necessary.  Test 
reports  show  that  Natvar  #400  is  able  to  hold  its  own  on  practically  every 
count  for  which  a  special  purpose  tubing  might  be  considered. 

One  of  the  largest  electrical  manufacturers  reports : 

This  tubing  has  been  used  in  radio  transformer  con¬ 
struction  here  at  -  for  some  time,  and  it  has  been 

found  satisfactory  ...  A  comparison  of  our  results  with 
those  of  the  supplier  is  very  favorable  . . .  One 
peculiar  characteristic  of  this  material  is  the  manner 
in  which  it  behaves  after  immersion  in  hot  transformer 
oil.  A  sample  before  immersion  gave  a  tensile  strength 
of  4140  psi,  and  after  immersion  a  tensile  strength  of 
6890  psi.  ...  The  sag  test  which  was  conducted  in  this 
investigation  was  more  severe  than  is  usualTy  conducted 
on  materials  of  this  typo.  Nevertheless,  this  tubing 
performed  remarkably  well  under  these  conditions  ...  A 
copy  of  this  report  is  being  sent  to  the  various 
division  engineers  for  review. 

Another  large  electrical  manufacturer  reports : 

MATERIAL  TESTED:  #400  Natvar  Tubing,  Flexible 
Extruded  Vinyl. 

Effect  of  Heat:  Like  any  other  plastic,  this  material 
softens  upon  heating,  but  at  125®  C.  it  does  not  flow 
or  sag.  It  remains  unaltered,  except  for  darkening, 
after  a  week  in  the  drying  oven. 

Effect  of  Oil:  In  oil  at  100®  C.,  the  tubing  does  not 
swell,  soften,  dissolve  or  harden.  It  remains 
unchanged  except  for  a  change  in  color. 

Effect  of  Compound  Treatment:  The  tubing  flatted 
out  due  to  heat,  but  was  still  pliable  when  removed. 

It  is  satisfactory  for  this  application. 

Dielectric  Strength:  Dielectric  Puncture  Tests,  using 
a  metal  rod  as  inner  electrode,  and  copper  ribbon  as 
outer  electrode,  gave  the  following  results  (tested  in 
oil  at  room  temperature): 


Short  Time  Step-by-Step 

As  received  19,000  v=725  v/mil  17,600  v=691  v/mil 

Dried  2  days  9 125®C  19,000  v=744  v/mil  16,800  v=667  v/mil 

Dried  3  days  §  125®C  26,000  v=1023  v/mil  19,400  v=723  v/mil 

plus  24  d.  in 
oil  :  100®C 

Underwriters*  Laboratories  limitations  permit  wide  use.  Natvar  #400  is  now 
available  for  immediate  shipment  in  most  sizes,  either  from  your  wholesaler’s 
stock  or  from  our  own.  Write,  wire  or  phone  us  your  requirements. 


Excerpts  from  the  E.T.L.  report  covering  tests 
made  on  Natvar  No.  400  in  accordance  with 
A.S.T.M.  Standards. 

DIELECTRIC  STRENGTH— A.S.T.M.  0350-43 
Average  volts  per  mil;  At  28®C — 1090 
Ar  85*C—  700 
Wail  thickness:  .0235* 

DIELECTRIC  CONSTANT  AND  POWER  FACTOR 
Dielectric  constant  at  29*’C  and  relative  humidity  60% 
At  60  cycles:  8.15 

At  1  megacycle:  4.35 
Power  Factor:  At  60  cycles:  .056 

At  1  megacycle:  .064^ 

ARC  RESISTANCE— A.S.T.M.  D495-42 
Average — 135  seconds 

OIL  RESISTANCE— A.S.T.M.  D295.43T 

"Turbol  10”  at  105®C  was  used.  After  15  minutes  im¬ 
mersion  there  was  no  apparent  change  in  the  tubing. 
After  24  and  48  hours  there  was  no  sign  of  change  in 
the  tubing.  Three  separate  tests  were  made. 

HEAT  ENDURANCE- A.S.T.M.  D3 50-43 
After  7  days  at  125“C  the  tubing  did  not  crack  or 
otherwise  fail  when  bent  180*  around  a  5/16*  mandrel. 

TENSILE  STRENGTH  AND  ELONGATION 
At  200%  elongation:  Average  1980  lbs.  per  sq.  in. 

At  Maximum:  Average  2870  lbs.  per  sq.  in. 

Total  elongation:  350% 

LOW  TEMPERATURE  FLEXIBILITY 

After  3  hrs.  at  minus  30®F  specimens  were  bent  around 
a  mandrel  5/16*  in  diameter.  There  was  sign  of 
cracking  or  other  failure. 

FLAME  RESISTANCE— D3 50-4 3 
Burned  about  in.  in  10  to  15  seconds  and  then  went 
out.  Three  tests  were  made. 

EFFECT  OF  CHEMICALS 
Effect  of  7  days  immersion  in  solvents  at  room  tem¬ 
perature  ;  average  of  3  tests  in  each  solvent: 

Change  in  dimensions 
Change  in  weight  Per  cent  of  dimensions 
Per  cent  of  of  specimen  as  received 
Solvent  weight  of  speci*  Outside 

men  as  received  Length  diameter  Thickness 


5  per  cent 
sulfuric  acid 

+  0.41 

none  none 

none 

1  per  cent 
potassium 
hydroxide 

+  0.83 

none  none 

none 

Petroleum 

+  6.62 

+2.6  none 

none 

Ethyl  Alcohol 

+  1.66 

none  none 

none 

Benzol 

+21.9 

+6.6  +10.9 

—24.0 

WATER  ABSORPTION 

Average  of  5  tests 

Water  absorption,  pet  cent  by  weight  of  dry 
specimen  0.63 

Soluble  matter,  per  cent  by  weight  of  dry  specimen  0.01 

Total  water  absorption,  per  cent  by  weight  of  dry 
specimen  0.64 

Change  tn  dimensions:  in  length  none 

in  outside  diameter  none 

in  thickness  none 


THE  N® NAL  VARNISHED  ERODUCTS 


TELEPHONE 

RAHWAY  7-2171 


CABLE  ADDRESS 

NATVAR:  RAHWAY,  It  Jl 


EI^ITCTS 


RANDOLPH  AVENUE 


WOODBRIDGE  NEW 


JERSEY 

12— NVP-4 
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INDUSTRIAL  CONTROL  (continu.d)  | 

ical  properties  of  specimens  can  be 
obtained. 

Reflection  is  an  indication  of 
discontinuities,  absorption  results 
from  internal  porosity,  viscosity, 
etc,  and  transmission  is  a  measure 
of  the  beam  energy  not  dissipated 
by  reflection  or  absorption  in  the 
specimen.  The  most  complete  in¬ 
formation  can  be  obtained  if  the 
specimen  can  be  examined  over  a 
wide  range  of  ultrasonic  fre¬ 
quencies. 

Instrument 

The  General  Electric  ultrasonic 
materials  tester  provides  on  the 
screen  of  a  cathode-ray  oscilloscope 
an  instantaneous  response  pattern 
of  a  complete  ultrasonic  transmis¬ 
sion  system  to  a  wide  band  of  ultra¬ 
sonic  frequencies.  It  provides 
simultaneously  an  indication  on  a 
panel  instrument  which  corres¬ 
ponds  to  the  total  ultrasonic 
energy  transmitted  through  the 
system. 

The  materials,  tester  contains  a 
high-frequency  signal  source  which 
is  automatically  frequency-modu¬ 
lated  over  a  band  of  frequencies 
about  500  kilocycles  wide.  The 
response  of  the  transducers,  the 
transmitting  medium,  and  the 
specimen  to  these  frequencies  pro¬ 
duces  the  ultrasonic  spectrogram 
on  the  oscilloscope  screen.  Panel 
controls  adjust  the  generator  out¬ 
put,  the  range  of  frequencies,  and 
the  center  frequency. 

The  transducers  are  resonant 
crystals  sealed  for  immersion  in 
water.  They  operate  at  one  mega¬ 
cycle  and  have  a  response  range 
of  about  200  kilocycles.  If  other 
liquids  or  frequencies  must  be  used 
special  transducers  are  required. 

The  receiver  is  a  wide-response 
type  which  requires  no  tuning  and 
operates  continuously  at  maximum 
sensitivity.  Its  useful  response 
range  extends  from  100  kilocycles 
to  two  megacycles. 

To  examine  regularly  shaped 
specimens  for  internal  voids, 
cracks,  porosity,  and  laminations, 
only  the  final  instrument  reading 
must  be  considered.  Small  speci¬ 
mens  can  be  rapidly  examined  by 
inserting  each  between  the  trans¬ 
ducers  in  the  liquid  medium  and 
comparing  the  reading  with  that 
for  a  specimen  shown  to  be  sound 
by  x-ray,  mechanical  breakage,  or 
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Send  for  Bulletin  106  for  detailed 
information  concerning  the  MULTI¬ 
PLANE,  and  tell  us  your  specific 
problems  in  vibration  control. 


INDUSTRIAL  CONTROL  (continu.d) 

sectioning  methods.  Large  spoci- 
mens  can  be  tested  by  rotating  them 
between  the  transducers. 

Internal  flaws  produce  measur¬ 
able  decreases  in  total  transmission 
and  a  consequent  drop  in  the  in¬ 
strument  reading.  Because  of  the 
very  broad  response  of  the  tester, 
small  changes  in  dimensions  or 
placement  of  the  specimen  will  not 
ordinarily  affect  the  transmission 
reading,  making  it  far  more  versa¬ 
tile  than  ordinary  sharply  tuned 
sonic  transmission  equipment.  On 
the  other  hand,  these  effects  if  im¬ 
portant,  will  show  up  on  the  oscil¬ 
loscope  screen  as  a  change  in  re¬ 
sponse  pattern. 

The  instrument  reading  and  re¬ 
sponse  pattern  obtained  when  the 
transducers  are  immersed  in  a 
liquid  depends  on  two  important 
properties  of  ultrasonic  propaga¬ 
tion  through  the  liquid;  attenua¬ 
tion  and  velocity.  It  is  therefore 
possible  to  monitor  continuously 
any  property  of  the  liquid  which 
signiflcantly  changes  either  atten¬ 
uation  or  velocity.  These  important 
properties  are  viscosity,  compres¬ 
sibility,  and  density. 

The  information  obtained  can  be 
compared,  in  terms  of  the  analogy 
to  light  behavior,  with  those  of  a 
light  meter  and  a  spectroscope.  The 
light  meter,  similar  to  the  panel 
instrument  of  the  uftrasonic  re¬ 
ceiver,  indicates  the  total  amount 
of  energy  passing  from  a  source 
through  a  medium  to  the  meter. 
The  spectroscope,  like  the  oscil¬ 
loscope  of  the  receiver,  shows  the 
distribution  of  this  energy  in  terms 
of  wavelength.  In  both  examples 
each  type  of  information  may  be 
necessary  or  useful  for  a  given  test¬ 
ing,  analysis,  or  research  problem. 


Micali  is  Long-Lived 


Micoh  is  long-lived.  This  perennial  juvenile  has 
drunk  from  the  proverbial  fountain  of  youth  and 
eschews  vitamin  pills  and  glandular  extracts.  Gray* 
bearded  old  men  remember  him  when  they  were 
still  in  swaddling  clothes!  It's  youth!  Youth!  Youth! 

And  mica  (without  the  "h")  is  long-lived,  too. 
Motors  and  such  may  wear  out,  coils  and  wire  may 
disintegrate,  but  mica  marches  on,  imchcmged  by 
the  years.  Nothing  else  lasts  os  long,  nothing  else 
performs  as  well.  There  is  no  substitute  for  mica. 
And  there  is  no  substitute  for  Macallen  Mica/ 


Flocking  electrostatically  has  been 
done  at  General  Electric  Schenec¬ 
tady  Laboratories.  200,000  cloth 
flbers  stand  erect,  perpendicular  to 
an  adhesive-coated  backing  material, 
in  one  square  inch  of  fabric. 


When  You  Think  of  MtCA,  Think  of  MACALLEN 


A  COMPENSATED  BOLOMETER  at  the 
focus  of  a  60-centimeter  mirror 
was  the  basic  equipment  of  a  fire- 
control  system  for  gunnery  that 
was  being  unpacked  by  the  Ger¬ 
mans  on  the  Normandy  beach  on 
D  Day.  It  was  an  alternative  for 
radar  fire  control  if  that  were  made 
useless  by  jamming. 


16  MACALLEN  STREET- BOSTON  27 


CHICAGO:  56S  W.  Washington  Blvd.  CLEVELAND  14:  1231  Superior  Ave. 
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Techlit  clients  indude 
prominent  firms  in  American 
industry.  Let  Techlit  prepare 
your  publication. 


concert 


TECHNICAL 
PUBLICATIONS, 
REPORTS, 
INSTRUCTION  MANUALS, 
BROCHURES 
prepared  by  electricalt 
chemical  and  mechanical 
engineers  who  have  the  ability 
to  investigate  and  write... who 
together  with  draftsmen 
and  artists  explain  and 
visualize  your  product. 

Techlit  presentations  tell  their 
story  dramatically  and 
completely. 
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Fig.  3 — Array  for  receirinq  circularly 
polarized  radio  waTos 


Antennas  for  Circularly  Polarized  Waves 


To  STUDY  THE  EFFECTS  of  polariza¬ 
tion  on  propagation,  a  transmitter 
array  composed  of  a  vertically 
polarized  coaxial  radiator  and  a 
horizontally  polarized  folded  dipole 
loop  was  used.  The  vertical  radia¬ 
tor  was  mounted  in  the  center  of 
the  horizontal  loop  which  in  turn 
was  located  at  the  lower  end  of  the 
vertical  radiator  as  shown  in  Fig. 
1.  When  the  two  antennas  are  fed 


vertical  antenna 


LINE”  , 
balance 
converter 


.  -'/t 


horizontal 

antenna 


Fig.  1 — Combination  of  horizontal  and  ver¬ 
tical  radiators  produces  a  circularly  polar¬ 
ized  radio  wave 


from  a  common  point  directly  be¬ 
low,  the  radiated  fields  of  the  two 
antennas  are  ninety  degrees  out  of 
phase  because  of  the  additional 
quarter  wavelength  up  to  the  feed 
point  of  the  coaxial  dipole.  This 
ninety-degree  phasing  of  the  two 
polarizations,  together  with  the 
equal  fields  from  the  two  antennas, 


tends  to  produce  a  circularly  polar¬ 
ized  radiated  field. 

Figure  2  shows  the  performance 
of  the  array.  The  field  of  the  array 


vesuBH, 


Fig.  2 — Pattern  at  center  shows  the  field 
intensities  of  the  two  components  radiated 
by  the  array  of  Fig.  1.  Ellipses  indicate  the 
polarization  perpendicular  to  the  indicated 
directions  of  propagation 

is  elliptically  polarized  for  the  most 
part  because  the  horizontal  element 
radiates  with  slightly  different 
phases  and  magnitudes  in  different 
directions  relative  to  its  center.  The 
field  pattern  of  the  horizontal  an¬ 
tenna  is  typical  of  a  loop  radiator 
which  approaches  a  quarter  wave¬ 
length.  The  irregularities  of  the 
vertical  antenna  field  are  probably 
due  to  currents  fiowing  on  the 
vertical  members  of  the  support.  ' 
A  receiving  array  for  circularly 
polarized  waves  was  mounted  on  a 
hollow  wooden  pole.  The  parallel- 
wire  transmission  line  ran  down 
the  core  of  the  pole.  As  shown  in 
Fig.  3,  the  array  consists  of  two 
half-wave  dipoles,  one  oriented 
vertically,  the  other  horizontally, 
and  spaced  a  quarter  wavelength 


apart.  The  aluminum  angles  that 
serve  as  spacers  are  the  conductors 
as  well  and  serve  to  connect  the 
dipoles  in  parallel.  The  pole  was 
fastened  to  the  center  of  the  spac¬ 
ers  with  the  transmission  line. 

Measurements  made  with  this 
equipment  by  the  United  Broad¬ 
casting  Company  at  their  experi¬ 
mental  f-m  station  W8XUB, 
Cleveland,  Ohio,  indicate  that  if 
circularly  polarized  radiation  is 
used,  the  orientation  of  receiving 
antennas  for  acceptable  reception 
will  be  less  critical  than  with  either 
horizontally  or  vertically  polarized 
radiation.  It  was  also  observed 
that  outside  antennas  appreciably 
improved  reception,  and  that 
increasing  the  height  of  the  receiv 
ing  antenna  caused  marked  im 
provement  in  reception,  providing 
that  the  antenna  was  kept  away 
from  buildings.  Mounting  the  an 
tenna  at  the  peak  of  the  house  roof 
and  close  to  the  roof  was  not  as 
good  practice  as  mounting  slightly 
lower  but  well  away  from  the 
house.  FCC  has  made  circular  pol 
arization  optional  for  f-m  broad 
casters. 


Cosmic  Ray  Measurements 

Measurements  made  with  tele 
scopes  consisting  of  Geiger-Mueller 
tubes  between  lead  plates  that  were 
carried  in  the  heads  of  rockets 
traveling  100  miles  into  the  atmos 
phere  (Aug.  1946,  p  264)  indicate 
that  cosmic-ray  showers  are  300 
times  more  numerous  in  the  upper 
atmosphere  than  at  ground  level. 
Peak  concentration  of  secondary 
particles  (mesotrons),  generated  by 
cosmic  rays  is  at  100,000  feet,  high 
enough  for  cosmic  rays  not  to  have 
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The  earth  •  •  •  like  a  busy  caterpillar  •  .  .  spun  round  itself  a  cocoon  of  copper  wire. 
And  from  that  chrysalis  there  hatched  a  brood  of  flying  horsepower  that  brought 
a  new  civilization  .  .  .  brought  dignity  to  drudges  •  •  •  power  to  the  weak — a  new 
joy  in  living  to  almost  everyone. 

Each  day  finds  new  fields  of  progress  •  •  •  new  services  to  man  •  .  •  each  with  its 
peculiar  need  for  wire,  to  generate  ...  to  direct  ...  to  harness  ...  to  control  .  .  . 
and  to  utilize  its  particular  breed  of  horsepower.  These  special  wire  requirements 

are  met  with  ten  thousand  different  engineering 
achievements  by  the  wiremakers — such  as  Belden. 
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been  filtered  out  by  the  atmosphere 
but  low  enough  so  there  are  sufR. 
cient  atmospheric  particles  with 
which  to  collide. 

Equipment  used  for  these  meas¬ 
urements,  designed  by  scientists  of 
the  Applied  Physics  Laboratory  of 
Johns  Hopkins  University  and  pro¬ 
duced  by  the  Wilmotte  Manufactur¬ 
ing  Co.,  consisted  of  two  sets  of 
detectors,  the  telescopic  pair  sensi¬ 
tive  only  to  particles  coming  from 
a  single  direction  with  sufficient 
energy  to  trip  all  counters,  and 
others  to  indicate  charged  particles 
accompanying  radiation  striking 
outside  the  telescopic  set.  Data  were 
recorded  both  on  a  slowly  rotating 
steel  drum  in  the  rocket,  and  on  the 
ground  from  telemetering  signals. 
In  both  cases,  amplifiers  were  used 
to  raise  the  signals  to  a  useful  level. 
The  Geiger-Mueller  tubes  were  of 
the  same  type  used  in  the  Bikini 
atomic  bomb -tests.  Results  will  en¬ 
able  scientists  to  understand  more 
fully  the  nature  of  atoms  and  cos¬ 
mic  rays. 


A  Yagi  array, 
highly  directional 
with  excellent  im¬ 
pedance  match¬ 
ing  &  bandwidth. 


This  is  a  Dielectric  Anten¬ 
na,  with  special  direction¬ 
al  properties  for  radar. 


The  Andrew  Folded  Uni¬ 
pole  Antenna,  ideal  for 
transmitting  or  receiving, 
in  the  frequency  range  30 
to  174  MC. 


German  Industrial 
Techniques 

Reports  of  Allied  technical  mis¬ 
sions  investigating  German  fac¬ 
tories  can  be  seen  at  the 
Department  of  Commerce,  Office  of 
Technical  Services,  Washington, 
D.  C.  Some  of  these  reports  have 
been  reviewed  (July  1946,  p  200) ; 
reviews  of  others  are  presented  be¬ 
low.  Of  these  reports,  three  are 
available  from  the  Department  of 
Commerce,  Office  of  Publication 
Board;  of  those  previously  pre¬ 
sented,  C-8  is  PB-418,  and  C-58  is 
PB-1292;  C-51  below  is  PB-2609. 
Manufacture  of  metalized  paper 
capacitors,  previously  reported,  is 
described  in  PB-421. 

Detectors  and  Resistors 

Silicon  detectors  (Bartel  cells) 
that  are  less  sensitive  to  shock  than 
Allied  detectors  were  manufactured 
by  depositing  silicon  crystals  from 
silicon  tetrachloride  on  a  carbon  rod 
within  a  quartz  tube  using  aluminum 
as  a  binder  in  a  furnace  at  800  C.  An 
electrode  of  nickel  or  tungsten  of  0.1 
mm  diameter  was  made  to  press 
lightly  on  the  silicon  crystals.  No  ad- 


A  Ground  Plane 
Antenna,  economi¬ 
cal  and  effective 
for  government, 
amateur,  and  emer¬ 
gency  communica¬ 
tion  services. 


A  Coaxial  An¬ 
tenna  for  the 
amateur  2  me¬ 
ter  band. 


The  new  Andrew  Di- 
Fan  Broad  Band  An¬ 
tenna,  for  improved 
FM  and  TV  reception. 
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A  CERTIFIED  UNIT  FOR  EVERY  JOB 


Whatever  your  need  for  accurate  pickup  and  clear,  sharp 
reproduction  of  voice,  music  or  sound,  there  is  a  Turner 
Microphone  especially  adapted  to  your  requirements.  The 
complete  Turner  Line  of  precision  units  includes  both  crystal 
and  dynamic  microphones  for  every  communications  pur¬ 
pose.  Engineered  to  faithfully  reproduce  desired  sound  with¬ 
out  distortions  and  built  to  stand  up  and  deliver  under  diffi¬ 
cult  operating  conditions,  each  unit  is  tested  and  Certified 
before  leaving  the  factory  assuring  maximum  dependability. 
For  utmost  in  performance  plus  modern,  eye  appealing  style 
Turn  to  Microphones  by  Turner. 


Famout 

TURNER 


Write  lor  Free  illustrated  literature  describ¬ 
ing  all  Txuner  Microphones  for  specific  and 
general  use.  Turner  engineers  will  be  glad 
to  offer  you  impartial  suggestions  in  helping 
you  choose  the  right  unit  for  your  particular 
purpose. 


NEW 

TURNER  COLORTONE 
MICROPHONES 


Colorful  beauty  with  accent  on  perform¬ 
ance.  New  crystal  and  dynamic  micro¬ 
phones  in  a  choice  of  brilliant  color 
finishes.  See  them  at  your  dealer. 


THE  TURNER  COMPANY 


905  17th  Street  N.  E.,  Cedar  Rapids,  Iowa 

idcROPHONES  UCENSED  UNDER  U.  S.  PATENTS  OF  THE  AMERICAN  TELEPHONE 
AND  TELEGRAPH  COMPANY,  AND  WESTERN  ELECTRIC  COMPANY,  INCORPORATED 


Crystmli  licensed  under  patents  of  the  Brush  Development  Co, 


turn  TO  TURNER  rOK  TBE  ‘riMEST  IN  ELECTRONIC  EQUIPMENT 
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(continued) 


Skill  and  precision  de¬ 
veloped  during  30  years 
of  coil  winding  are 
ready  to  meet  your  most 
exacting  specifications. 

Your  inquiries  will 
receive  our  prompt 
attention. 


justment  was  made.  The  completed 
detector  withstands  an  acceleration 
of  ten  times  that  of  gravity  and  a  po¬ 
tential  of  ten  volts.  Improved  fluores¬ 
cent  screens  were  also  made 
(C-12:  Ip). 

Crystal  detectors  were  also  made 
from  a  mixture  of  magnesium  and 
titanium  powders  pressed  and  heated 
(C-19:  p  1).  Captured  Allied  silicon 
detectors  were  analysed  by  the  Ger¬ 
mans  for  impurities  and  found  to 
contain  traces  of  aluminum  and 
beryllium  which,  as  German  experi¬ 
ence  had  indicated,  improved  their 
rectifying  properties.  Translucent 
conductive  layers  were  produced  as 
bolometers  used  in  intensity  meas¬ 
urements  of  centimeter  waves 
(C-37A:  4  p). 

Carbon  resistors  were  formed  on 
unglazed  porcelain  which  was  first 
inspected  for  freedom  from  surface 
pits,  foreign  particles,  and  size — the 
latter  done  automatically.  These 
cores  were  sand  cleaned,  washed,  and 
carbonized.  Spiral  grooves  for  high- 
resistance  resistors  were  cut  with  a 
resin  bonded  wheel,  the  last  portion 
of  the  spiral  being  cut  slowly  with 
the  resistor  in  a  bridge  to  obtain 
the  desired  resistance.  Resistors 
were  sorted  automatically  at  12,000 
per  hour  into  six  groups  each  with 
twenty  subclasses  (C-43:  Ip). 

Sound  Recording 

The  magnetophone,  a  magnetic 
sound  recorder  using  plastic  tape, 
was  widely  used  throughout  German 
radio  and  broadcasting  both  military 
and  industrial.  Large  libraries  of 
tape  recordings  were  provided  at 
broadcasting  studios.  The  tape  has 
low  noise,  is  run  at  80  cm  per  second 
for  recording  frequencies  up  to  10,- 
000  cps,  is  0.05  mm  thick  and  5.0  mm 
wide.  The  recording  material  is  mag¬ 
netic  ferric  oxide  dried  onto  the  tape. 
The  surface  of  the  tape  is  run  in  con¬ 
tact  with  electromagnetic  armatures 
having  very  narrow  slots  running 
cross-wise  to  the  tape  motion.  Tapes 
are  wiped  to  reduce  noise  and  erase 
previous  signals  by  high  frequency. 
High  frequency  currents  are  fed  with 
the  program  material  to  the  record¬ 
ing  head  to  overcome  hysteresis  ef¬ 
fects  and  improve  linearity.  For 
office  use  the  entire  recording-repro¬ 
ducing  equipment  was*  built  into  a 
volume  about  the  capacity  of  a  con¬ 
sole  radio  cabinet  and  designed  to 
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■  Seal  up  a  stream  of  electrons  in  a 
vacuum  tube... and  you  have  a  space- 
defying  genie  that  vitalizes  industry 
...and  can  save  countless  lives! 

■  As  far  back  as  1930  the  Sperry 
Gyroscope  Company  put  electronics 
to  work  .  .  .  introducing  electronic 
control  for  the  Sperry  Gyro-Compass. 

■  From  then  on  electronics  was  em¬ 
ployed  whenever  it  could  extend  the 
usefulness  and  performance  of  Sperry 
products— as  in  automatic  pilots,  gun 
fire  control  devices,  navigation  instru¬ 
ments,  both  aeronautical  and  marine. 
And  in  1939,  came  the  Klystron, 
"heart-beat”  of  Radar. 
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■  In  war,  Radar  tracked  out  enemy 
plane,  sub  and  ship  positions,  saving 
numberless  lives  by  advance  warning 
of  hostile  attack.  And  today,  in  peace. 
Radar  brings  new  safety  to  mankind . . . 
plotting  aerial  and  marine  operations 
with  pin-point  accuracy,  through  pea- 
soup  weather  and  over  vast  distances. 


■  Sperry  pioneered  in  helping  develop 
these  and  many  other  ser\  ices  for  man¬ 
kind.  But  "pioneering”  isn’t  enough. 
And  that’s  why  Sperry  research  and 
practical  applications  of  electronics 
go  endlessly  on  ...  in  that  search 
for  something  better  which  we  call 
product  improvement. 


Sperry  Gyroscope  Company,  Inc. 


EXECUTIVE  OFFICES:  GREAT  RECK.  MEW  YORK  •  DIVISION  OF  THE  SPERRY  CORPORATION 
lOS  UNGELES  •  SAN  FNANCISCO  •  SEATTLE  •  NEW  OHLEANS  •  CLETEIAND  •  HONOLULU 
Aircraft:  Gyropilots  •  Gyrosyn  Compasses  •  Attitude  Gyros  •  Directional  Gyros  •  Gyro-Horizons  •  Detonation 
Indicators-Automatic  Radio  Direction  Finders*  Instrument  Landing  Systems*  Traffic  Control  Systems*  Marine:  Gyro- 
Compasses  *  Gyro- Pilots  *  Gyro-Magnetic  Compasses  *  Incandescent  Searchlights  *  Steering  Systems  *  Radar  *  Loran 
Industrial:  Railroad  Radio*  Microwave  Relays*  Microline  Test  Equipment*  Klystron  T  ubes*Strobodyne*  Knockometer 
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(continutd) 


require  no  special  knowledge  or  skill 
to  operate  (C-59:  13  p). 

Toneschreiber  models  using  paper 
tape  as  backing  for  the  magnetic 
coating  were  developed  for  portable 
and  field  use.  Operation  and  con¬ 
struction  are  reported  in  detail 
(C-59:  12  p). 

Ceramics 

Capacitors  of  reduced  size  were  pro¬ 
duced  by  developing  materials  of 
high  dielectric  constants,  high  per¬ 
meability,  high  or  low  insulation, 
plus  negative  temperature  coeffi¬ 
cients.  For  high  dielectric  constant, 
titanium  dioxide  in  one  of  its  crystal¬ 
line  forms  was  the  basic  constituent. 

A  high-dielectric  ceramic  mixed  with 
oil  to  form  a  paint  was  applied  to 
submarines  to  reduce  reflection  of 
radar  signals.  For  complete  absorp¬ 
tion  of  the  incident  wave,  high  per¬ 
meability  of  the  coating  was  also 
sought.  A  one-to-one  mixture  of 
ceramic  powders  in  triacetate  pro¬ 
duced  a  flexible  dielectric  suitable 
for  winding  small  foil  capacitors 
(C-51A:  7  p). 

Ceramics  having  at  the  same  time 
high  dielectric  constant  and  very 
small  electric  phase  angle  were  pro¬ 
duced.  Dielectric  constants  up  to  500 
were  obtained  in  manufacture.  Ce 
ramie  bonds  for  ferromagnetic  cores 
were  also  used  (C-51B:  7  p). 

Ceramics  were  used  as  spacers  and 
supports  in  vacuum  tubes  as  substi 
tutes  for  mica.  High  voltage  capaci 
tors  were  made  of  vitrified  ceramic 
bodies.  Low- voltage  tubular  ceramic 
capacitors  were  also  produced.  After 
firing,  the  thin-walled  tubes  are 
nicked  with  a  rubber  bonded  silicon 
carbide  wheel  and  broken  by  hand  to 
length.  Ceramic  discs  are  used  as 
rotors  in  trimmer  capacitors.  Metal 
pins  were  fastened  into  ceramic  bod 
ies  by  placing  the  pin  in  a  hole  with 
a  serrated  edge,  heating  the  pin  with 
a  spot  welder  and  pressing  the  pin 
into  the  ceramic  body.  Pins  mounted 
this  way  can  not  be  removed  with 
out  breaking  the  ceramic.  Metal 
layers  are  fired  onto  ceramic  bodies 
and  built  up  by  electrolytic  deposi 
tion.  (Metallized  ceramics  used  as 
anodes  in  tubes,  are  vacuum  sealed 
to  the  metal  case.)  Vacuum  tight 
bonds  were  produced  between  a 
Steatite  body  and  iron  for  ring  joints 
(C-63:  31  p). 

Some  small  grids  were  made  by 


the  Plastic 
Perfectionist 


“Just  give  me  your  blueprints,  no  matter 
how  complicated,”  says  Felsy,  “and  I’ll 
have  your  plastic  parts  or  products  hop¬ 
ping  out  of  here  like  popcorn  over  a 
hot  fire.” 


STARTS  FROM  SCRATCH 


and  DELIVERS  THE  GOODS! 


Felsy *s  right:  All  we  need  is  the  kickoff 
to  get  going  with  your  idea,  and  we  will 
run  it  back  for  a  touchdown. . .  .  We  have 
the  skilled  personnel  and  equipment.  .  .  . 
We  have  the  WIDE  EXPERIENCE  re- 
quired  to  size  up  unusual  plans  and  turn 
them  into  practical  plastic  realities.  If  it 
can  be  done  at  all— BY  INJECTION 
MOLDING,  LAMINATING,  OR  FABRI- 
GATING,  w'e  can  do  it. 


Write  for  booklet  3- A  on  your  letterhead 
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ANOTHER “FIRST”  BY  FEDERAL 


HIGH-VOLTAGE  SELENIUM  RECTIFIERS 


For  use  in— 

Cathode  ray  oscilloscopes 
Television  circuits 
D*C  power  supply  units 

High-voltage  testing  equipment 
and  many  other 
high-voltage  low-current  circuits 


*  f, 

•  RATMCS  UP  TO  4000  VOLTS 


•’“‘TOONTAIII-POrSIZE^f'^^^r" 


o  FUSE-CUP  MOUNTING 


UK---UINIlilTED  : 
<  MMNTD^E— 


■23?' 


Federal’s  new,  hermetically-sealed,  high-voltage  rectifier  stacks  combine  the 
rugged  stability  of  the  selenium  dry-plate  rectifier  and  the  sealed-in  moisture- 
resistance  of  the  vacuum  tube. 

Ultra-compact  and  light  in  weight,  they  permit  valuable  savings  in  installa¬ 
tion  space  — the  largest  unit  having  overall  dimensions  of  only  4V2  by  Vi 
inches.  The  silver-plated  end  ferrules,  solder  sealed  to  the  glass,  are  designed 
for  motinting  in  standard  30-amp  fuse  clips,  making  the  complete  rectifier 
stack  as  easy  to  install  as  a  cartridge-type  fuse.  Either  the  plain  or  polarized 
type  is  obtainable. 

These  rectifiers  are  designed  for  inverse  voltages  up  to  4000-volts  and  have 
a  current  rating  of  5  ma  with  a  resistance  load,  at  ambient  temperatures  up 
to  35C  (105F).  They  are  suitable  for  use  in  inuch  higher  temperatures,  with 
reduced  current  rating. 

Selenium  rectifiers  were  first  made  in  this  country  by  Federal,  and  every 
unit  is  backed  by  37  years  of  specialized  skill  and  experience.  Write  today 
for  data  and  description. 


Federal  Telephone  and  Radio  Corporation 


In  Con«<«— .FaJwnI  Hirtk  IHnwiifncInrliig  Cnmywy,  M.«  Mnnlmnl 

t>port  DWfIbirtori — IwIfnoWowBl  Stcmdaril  Badrlc  CorporoHoa 
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Newark  1,  New  Jersey 


ELECTRON  ART 


welding  instead  of  notching  and 
swedging.  Tantalum  was  produced 
in  evaculated  electric  furnaces,  cooled 
and  cold  worked  into  wire.  It  was 
found  that  every  time  the  cross  sec¬ 
tion  was  halved,  the  wire  had  to  be 
heated  in  vacuum  to  remove  the  hard¬ 
ness  produced  by  working  (C-46: 
1  p). 

Electron  discharge  from  closely 
spaced  cold  electrodes  was  investi¬ 
gated  by  German  scientists.  Results 
of  experiments,  which  are  given  in  a 
translated  paper  written  by  the  ex¬ 
perimenter,  indicated  that  under 
highly  controlled  conditions  electron 
discharge  is  produced  by  potential 
gradients  approaching  those  required 
by  the  theory  of  Schottky.  An  inter¬ 
ferometer  for  measuring  electrode 
spacing,  vacuum-tight  diaphragm  for 
coupling  to  movable  electrodes  from 
outside  the  evacuated  tube,  and  high- 
vacuum  techniques  are  described 
(C-64:  25  p). 


QBAXE8  CITY  GEAR  WOAKS 


FhiUd«tplki«,  Fenna 


Combined  Limiter  and  " 
Squelch  Circuit 

17.  S.  Patent  No.  2,405,845 
Granted  to  Ernest  R.  Pfaff 
Assigned  to  Admiral  Corp. 

Chicago,  III. 

A  VOLTAGE  LIMITER  for  removing 
high-amplitude  portions  from  a  fre¬ 
quency-modulated  signal  consists 
of  a  center-tapped  transformer 
magnetically  coupled  to  the  normal 
amplifier  coupling  transformer,  in 
addition  to  the  usual  coupling  from 
the  anode  of  one  amplifier  tube  to 


Yours  for  the  asking 


A  new  informative  booklet  on  gearS( 


It  has  illustrated  sections 


practically  every  known  form  of  gearing, 
together  with  many  reference 

tables  and  formulas.  Write  for  your  copy 


today  on  your  company  stationery. 


Diode  loade  trontformer  on  peaks 


the  grid  of  a  second  amplifier  tube. 
The  center-tapped  transformer  is  a 
part  of  the  circuit  shown  in  the 
accompanying  diagram.  The  re¬ 
sistance-capacitance  circuit  biases 
the  anodes  beyond  conduction  for 
normal  signal  amplitudes,  but  in 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 
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MANY  MANUFACTURERS  have  asked  us 
whether  it  is  possible  to  make  an  assembly  or 
part  in  another  metal  temporarily,  and  still 
use  the  fabricating  and  stamping  tools,  when 
the  time  comes,  for  the  preferred  metal. 

It's  not  only  frequently  possible . . .  Colgate  is 
doing  it  By  designing  double  purpose  dies 
so  that  they  may  be  used,  during  this  interim 
period  with  a  second -choice  material,  and 
later  converted,  Colgate  is  breaking  the 
bottleneck  of  the  metals  shortage. 


Dies  engineered  to  serve  a  double  purpose  is 
just  one  example  of  Colgate  Engineered 
Service  in  sheet  metal  fabricating  and  stamp¬ 
ing  of  aluminum,  magnesium,  stainless  steel 
and  many  other  light  metals. 

If  your  product  is  ordinarily  made  of  steel 
(let's  say),  perhaps  some  other  material  could 
be  used.  Then,  when  steel  becomes  available, 
in  many  cases  the  tools  can  be  converted,  at 
reasonable  cost,  through  Colgate's  Engineered 
Service.  Write  for  more  information. 


STAMPING  •  FORMING  •  DRAWING  •  WELDING  •  FINISHING  •  ASSEMBLING 


COLGATE 


j'' 
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FOR  THE  gw 

SOLDERING  JOB 

USE  THE  FLUX 


the  presence  of  a  signal  of  excep¬ 
tional  amplitude,  the  anode  circuit 
conducts.  The  added  loading  of  the 
conducting  diodes  on  the  internal 
resistance  of  the  first  amplifier  re¬ 
duces  the  available  voltage  to  the 
second  amplifier.  Thus  for  proper 
operation,  the  first  amplifier  should 
have  high  internal  resistance  (poor 
regulation).  In  addition  to  its  use 
as  an  f-m  limiter,  the  circuit  can 
be  used  to  remove  r-f  noise  in  a-m 
receivers  if  it  has  a  very  long  time 
constant. 


KESTER  FLUXES 


Photo  courtety  Oeaeral  Slectric  X-Ray  Corporatton 


•  The  best  flux  for  any  soldering  job  is  the  right  flux. 
And  Kester  has  the  right  flux  for  you. 

Nearly  half  a  century  of  solder  experience  has 
resulted  in  the  development  by  Kester  of  hundreds  of 
flux  formulas.  Extensive  testing — both  in  the  laboratory 
and  in  the  plant — provides  Kester  with  complete 
knowledge  of  the  performance  of  each  flux.  The  cir¬ 
cumstances  under  which  each  flux  may  best  be  used 
have  been  accurately  determined. 

Sweating  operations-^elicate  dip-soldered  electrical 
connections — all  kinds  of  seaming — for  any  type  of 
soldering  job,  there’s  a  right  and  specific  Kester  flux 
to  assure  you  of  tight,  trouble-free  solder  bonds. 

Consult  Kester  engineers  whenever  you  have  solder 
problems.  At  no  obligation  to  you,  they’ll  gladly  recom¬ 
mend  the  right  flux  formula  to  insure  the  best  results 
from  any  operation. 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Ave.,  Chicago  39,  Illinois 


Eastern  Plant:  Newark,  N.  J. 


Canadian  Plant:  Brantford,  Ontario 
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Miscellaneous  U.  S.  Patents 

Variation  of  anode-cathode  current 
of  a  vacuum  tube  is  produced  by 
movement  of  an  external  member 
of  a  beam-forming  structure.  Move¬ 
ment  of  the  external  beam-forming 
electrode  deflects  the  electron  beam 
relative  to  the  receiving  anode  to 
produce  current  variation.  (2,376,- 
882,  Space  Discharge  Device, 
Hyman  Olken,  May  29,  1945). 

Means  of  controlling  the  ignition 
system  or  guarding  against  pilot- 
light  failure  of  burners  are 
provided  by  several  electronic  tech¬ 
niques  such  as  d-c  bias  and  phase 
shift  control  of  the  rectifiers  that 
operate  control  relays.  Operation 
of  the  bias  or  phase  shift  networks 
depends  on  the  rectifying  im¬ 
pedance  of  a  flame  which  is  inter¬ 
posed  in  a  normally  nonconducting 
gap  in  the  control  circuit.  (2,379,- 
871,  Burner  Control  Device,  Vilynn 
0.  Bean  and  John  M.  Wilson,  as¬ 
signed  to  Minneapolis-Honeywell 
Regulator  Co.,  July  10,  1945;  2,- 
379,872,  Electronic  Control  Appa¬ 
ratus,  Willis  H.  Gille,  assigned  to 
Minneai)olis-Honeywell  Regulator 
Co.,  July  10,  1945;  2,379,873,  Elec¬ 
tronic  Control  Device,  Frederick  E. 
Lange,  assigned  to  Minneapolis- 
Hone3rwell  Regulator  Co.,  July  10, 
1945). 

Using  a  cathode-ray  tube,  a 
printing  high-speed  telegraph  is 
obtained.  The  transmission  con¬ 
sists  of  a  series  of  single  pulses  for 
each  character.  The  individual 
pulses  are  shifted  in  phase  relative 
to  their  normal  occurrence  position 
by  an  amount  corresponding  to  the 
particular  character  they  represent. 
At  the  receiver  is  a  cathode-ray 
tube  having  a  rotary  sweep.  In 


IMuittiiai 


our  greatefy  intreaseJ  production  on  Simpson  Model 
260  mokes  it  availuble  to  you  NOW  at  your  jobber^s 

The  Simpson  260  is  easily  the  world’s  most  popular  set  tester  for 
television  and  radio  servicing.  You  cannot  touch  its  precision,  its 
useful  ranges,  or  its  sensitivity  in  any  other  instrument  selling  for  the 
same  price  or  even  substantially  more. 

It  has  been  a  long  time  since  we  have  been  able  to  produce  enough 
260’s  to  meet  the  demand,  because  the  260  has  consistently  out*sold 
every  other  remotely  similar  test  instrument.  The  reason  is  simple: 
it  out'performs  and  out-values  them  all.  Simpson  advanced  engineer¬ 
ing  and  unyielding  standards  of  quality  and  precision  manufacture 
enable  it  to  stay  accurate  under  conditions  ordinary  instruments  can¬ 
not  survive. 

Incidentally — ^production  on  other  Simpson  instruments  is  clear¬ 
ing,  too.  We  feel  confident  that  it  will  not  be  long  before  you  can 
buy  those  Simpson  instruments  you  have  waited  for. 

Ask  your  jobber  for  the  Simpson  260— he  has  it  now! 


SIMPSON  ELECTRIC  COMPANY 
5200-521 S  W.  KImU  St.,  Chlcaeo  44.  IlL 


SIMPSON  240.  HI6H  SiNSITIVITY  SIT  TESTIII 
FOR  TILIVISiON  AND  RADIO  SIRVICIN6 

Rousts  fe  5000  Veff*— tefk  A.C.  ami  O.C. 

20,000  Ohm$  par  VoH  D.C. 

1000  Ohmt  par  Volt  A.C. 

At  20,000  ohms  per  volt,  this  instnuneot  is  far 
more  sensitive  than  any  other  instrument  even  ap* 
proaching  its  price  and  quality.  The  practically 
negligible  current  consumption  assures  remarkably 
accurate  full  scale  voltage  readings.  Current  read* 
ings  as  low  as  1  microampere  and  up  to  500  milli* 
amperes  are  available. 

Resistance  readings  are  equally  dependable.  Tests 
up  to  10  megohms  and  as  low  as  Vi  ohm  can  be 
niade.  With  this  super  sensitive  instrument  you 
can  measure  automatic  frequency  control  diode  bal* 
ancing  circuits,  grid  currents  of  oscillator  cubes 
and  power  tube,  bias  of  power  deteaors,  auto* 
made  volume  control  diode  currents,  reedfied  radio 
frequency  current,  high-mu  triode  plate  voltage 
and  a  wide  range  of  unusual  condidons  which  can* 
not  be  checked  by  ordinary  servicing  instruments. 
Ranges  of  Model  260  are  shown  below. 

Price,  complete  with  test  lends .  $38.95 

Cnrryiag  cose . . . . .  $5.55 


Volts  D.C.  (At  20.000 
ohmt  per  volt) 

Volts  A.C.  (At  1.000 
ohms  per  vq|t) 

Output 

2.5 

2S 

2AV. 

10 

10 

10  V. 

50 

50 

50  V, 

250 

250 

250  V. 

1000 

1000 

1000  V. 

5000 

5000 

5000  V. 

Milli*  Micro¬ 
amperes  amperes 

OhiTu 

DJC. 

10 

100 

500 


100 


0*1000 

0-100,000 


(12  ohms  center) 

(1200  ohrins  center) 
0*10  Megohms  (120,000  ohmt  center) 
(5  Decibel  ranges:  —10  to  -1-52  DO) 


ASS  YOUR  JOBBER 


iMfTRRMRMTt  THAT  STAY  A€C«RATI 
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TRANSfORMERS 

Patch  Cords  and  Plugs,  Filters,  Jacks  and  Jack  Panels 

Designed  for  quick,  easy  reference,  this  attractive  16-page  catalog 
describes  two  new  lines  of  ADC  high  quality  transformers  and  related 
units.  Carefully  edited  and  with  all  performance  data  fully  verified, 
this  catalog  makes  it  easy  for  you  to  choose  the  correct  ADC  trans¬ 
former  to  fit  your  specific  needs. 


Highlights  Importont  Advantages.  Chief 
features  of  the  new  ADC  transformers 
are  summarized  briefly  and  accurately 
at  top  of  selected  pages.  Allows  quick 
comparison  of  advantages  and  simplifies 
selection  of  individual  units. 

Easy  to  Read.  Selected  photos  show  trans¬ 
former  mounting  features  and  exterior 
design.  Facilitates  your  chassis  planning 
and  assembly.  Specification  charts  and 
dimensions  are  printed  in  large  legible 
type. 


Designed  For  Year  Files.  Printed  on  heavy 
stock,  81^^'  X  ll',  catalog  has  bold  cap¬ 
tions  on  left  margin  and  bottom  of 
cover.  Makes  it  easy  to  file  and  permits 
quick  identification  of  contents. 


AUDIO  DEVELOPMENT  COMPANY 
2833  13th  Av«nw«  S.,  Minneapolis  7,  Minn. 


Please  send  me  the  following:  O  Your  NEW  Bulittin  46  describing  ADC  Transformers. 

r~l  Complete  details  on  your  offer  to  jobbers. 


nb 


ELECTRON  ART  (continutd) 

the  path  of  the  beam  is  a  disk 
around  the  periphery  of  which  have 
been  punched  holes  of  the  shape  of 
the  letters  of  the  alphabet  and 
other  characters  to  be  transmitted. 
The  electron  beam  rotates  in  syn¬ 
chronism  with  the  rate  of  pulse 
transmission.  When  a  pulse  is  re¬ 
ceived,  the  electron  beam  is  de¬ 
flected  to  pass  through  the 
appropriate  hole  in  the  stencil 
plate.  The  shape  of  the  hole  forms 
the  contour  of  the  beam  so  that  it 
projects  the  image  of  that  character 
on  a  reading  screen.  Additional 
means  of  beam  deflecting  spreads 
the  sequence  of  characters  apart 
across  the  screen.  The  characters 
so  projected  can  be  photograph¬ 
ically  recorded  if  they  appear  too 
fast  to  be  recorded  otherwise.  (2,- 
379,880,  High-Speed  Telegraph 
System,  Harry  A.  Burgess,  as¬ 
signed  to  Bell  Telephone  Labora¬ 
tories,  Inc.,  July  10,  1945). 

By  projecting  a  strip  of  light 
across  the  picture  to  be  transmitted 
by  facsimile  and  imaging  the  illum¬ 
inated  strip  on  a  long,  narrow 
signal-generating  screen  of  an 
iconoscope,  the  moving  parts  of  a 
facsimile  scanner  are  greatly  sim¬ 
plified.  (2,379,906,  Continuous 
Facsimile  Scanner,  John  V.  L. 
Hogan,  assigned  to  Faximile,  Inc., 
July  10,  1945). 

Oxide  Coated  Cathodes 

Pulsed  operation  of  vacuum  tubes 
has  led  to  further  study  into  the 
characteristics  of  oxide  coated 
cathodes.  Under  conditions  of  high 
pulse  currents,  cathodes  are  not 
operating  at  equilibrium,  as  was 
assumed  in  developing  from  statis¬ 
tical  mechanics  the  theory  of  an 
impure  semiconductor  in  its  solid 
state  to  explain  cathodic  emission. 
Rather,  there  is  a  loss  of  the  cath¬ 
ode  coating  metals  and  their 
oxides  from  the  outside  surface  ac¬ 
companied  by  migration  of  metals 
and  oxides  from  the  coating  inte¬ 
rior  to  the  surface,  considerable 
interaction  between  the  coating  and 
the  base  metal  (the  exact  extent 
and  nature  of  which  is  still  to  be 
determined,  although  much  light 
has  been  shed  on  the  problem),  and 
an  interface  resistance  between 
coating  and  base  in  the  form  of  a 
crystal  compound  that  appears  to 
behave  as  do  oxide  rectifiers;  that 
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III  the  eyes  of  amateurs  and  professionals  of  every  nation 
JbnpkonQl  components  represent  the  last  word  in  electricol 
Old  me^anical  design  ond  correct  manufacture. 

Fioni  high  voltage,  high-frequency  uses  in  the  tempera¬ 
mental  top  segments  of  the  sp>ectrum,  down  through  the 
higlxnirrent,  low-voltage  industrial  applications  —  there  are 
AmF^wool  cables,  connectors,  plugs  and  fittings  designed 
dnd  built  to  hold  to  the  irreducible  minimum  loss  of  power, 
pf^eutkd  KUt  waveform. 

F<»  Radar,  Television,  F.M.,  Railroad,  Broadcast  and  Indus- 
tried  use;  Amphmiol  components  speak  the  universal  lan- 
guc^e  of  scientific  efficiency,  ond  they  are  available  in  the 
most  TOxnplete  line  available  from  any  one  source  in  the 
world  today.  Write  todoy  for  prompt  attention  to  your  needs. 

AMERKAN  PHENOLIC  CORPORATION  .  Chicago  50.  III. 

^  In  Conado  •  Amphenol  Limited  •  Toronto 
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O  200  400  600  800  1000  1200  HOC 
ReSiSTANCE  IN  OHMS  PER  CU  CM 


Source  of  Infrared  Radiation 

Signaling  by  modulating  the  in¬ 
tensity  of  a  light  beam  has  been 
used  for  ship-to-ship  and  ship-to- 
shore  and  similar  communication. 
For  privacy,  such  communication 
is  frequently  made  over  beams  of 
infrared  radiation.  Infrared  radi¬ 
ators  are  also  used  in  infrared 
spectrometers  and  burglar  alarms. 

A  type  of  radiator  suitable  for 
such  applications  is  a  steatite  re¬ 
fractory  operated  in  free  air.  The 
negative  resistance  coefficient  of 
the  ceramic  results  in  its  being  an 
insulator  at  normal  temperatures 


/mfisrm 

QUALITY-BUILT 
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is,  there  is  a  metal  (nickel  cathode 
sleave),  a  blocking  layer  (crystal¬ 
line  interface),  and  a  semiconduc¬ 
tor  (oxides  of  barium  and 
strontium) . 

Measurements  show  that  this 
interface  resistance  behaves  like 
multiple-layer  oxide  rectifiers,  bear¬ 
ing  out  this  supposition.  (Oxide 
Coated  Cathode  Literature,  1940- 
1945,  John  P.  Blewett,  a  review 
with  bibliography  of  basic  research 
papers  on  advances  in  emission 
theory;  The  Pulsed  Properties  of 
Oxide  Cathodes,  Edward  C. 
Coomes ;  A  Study  of  Oxide 
Cathodes  by  X-Ray  Diffraction 
Methods,  A.  Eisenstein ;  and 
Studies  of  the  Interface  of  Oxide 
Coated  Cathodes,  A.  Fineman  and 
A.  Eisenstein,  three  papers  pre¬ 
senting  some  of  the  results  of 
studies  at  the  MIT  Radiation  Lab¬ 
oratory,  all  in  Jour  of  Appl  Phys, 
Aug.  1946,  see  also  a  thesis  paper 
by  Harold  Jacobs,  Jour  of  Appl 
Phys,  p  596,  July  1946.) 


New  delivering  te  specifficatien! 


IMCO  quality-built  cord  sets  and 
cabling  production  is  currently  run¬ 
ning  on  schedule.  Commitments 
made  over  the  near  future  can  be 
rigidly  adhered  to,  and  deliveries  are 
made  to  exactly  fit  the  customer's 


assembly  requirements.  Quotations, 
samples  and  detailed  information 
will  be  furnished  promptly  on  re¬ 
quest.  Simply  call  or  write  on  com¬ 
pany  letterhead — you  incur  no  obli* 
gation  whatsoever. 


Steatite  hoe  a  negative  specific  resistance 
characteristic,  and  thus  at  high  tempera¬ 
tures  it  is  a  conductor  that  con  be  modu¬ 
lated  at  voice  frequencies 
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bruning  bw  system 


developing  machines 
pUte  line  of  printing  ond  deve  P 

. . 


These  S-.X  Mo, or  Advantages 
I.  inrthod  for  *' 

I,  dirwtiy  »'•">  .  5. 

i.  .n.ly«i"9  •>'•"“"'‘7..  „„a 

pers,  thin,  nie  lo  Trans- 

r«d  or  brown  line  p  £ 

lement  original  tracing 
».ncil  lines  in  reproduction. 


NEW  YORK 
Atlanta 
Kansas  City 
St.  Louis 


I  Street 

I  City 


Pittsburgh 


Newark 

Seattle 


San  Francisco 


So  Easy.. .So  Inexpensive... 

TO  SAFEGUARD 

Your  Valuable  Tracings 


*  9 

KbvT-  . 


Why  run  the  risk  of  loss  or  damage  to  your 
valuable  original  tracings?  To  safeguard 
them,  the  Bruning  BW  System  provides 
BW  Transparents— exact  duplicates  made  on 
thin,  translucent  paper,  quickly  and  inex¬ 
pensively.  Use  these  BW  Transparents,  in¬ 
stead  of  your  originals,  to  make  BW  Prints 
in  any  quantity  you  desire ! 


Changes  quickly  made  without  altering  originals  I 

- -  BW  Transparents  are  mighty 

^  \  useful,  too,  when  you  want 

,  ^  \  to  make  minor  changes  on 

\  A.  A  V  \  \  \  ®  series  of  prints  without 

\  — V.  altering  the  original  tracing. 

\  Such  changes  can  be  made 

- -  with  ink  or  pencil  on  the 

BW  Transparent,  and  the 
following  BW  Prints  will 
bear  these  changes.  To  elim¬ 
inate  detail  on  the  BW  Transparent,  use  BW  Eradicator. 
Another  BW  Eradicator  is  available  for  transforming  the 
black  lines  to  red  lines  on  BW  Prints  to  denote  drawing 
changes. 


BLACK  LINES  ON 
WHITE  .  .  .  BROWN 
LINES  ON  WHITE  .. 
RED  LINES  ON  WHITE 
.  .  .  BLACK,  RED  OR 
BROWN  ON  GREEN 
BACKGROUND..  CARD 
WEIGHT  AND  THIN 
WEIGHT...  BW  FILM... 
BW  TRANSPARENTS. 


One  operator  can  make 

all  these  BW  Prints  in  seconds! 

A  compact,  good-looking  BW  Printer 
and  Developer  takes  but  little  space  in 
your  drafting  room  or  office  — no 
plumbing,  no  exhaust  fumes.  Yet,  with 
this  machine,  one  operator  can  make  a 
wide  variety  of  different  BW  Prints  — 
in  seconds!  Prints  are  delivered  ready 
for  use  —  no  waiting.  And  remember, 
BW  printing  and  developing  equip¬ 
ment  is  available  for  every  need, 
whether  you  make  only  a  few  prints  a 
day  or  thousands.  For  full  information, 
mail  the  coupon. 


BRUNING  COMPANY,  INC.  | 

Sine*  1897  { 


Boston 

Milwaukoa 


CHICAGO 

Ootroit 


LOS  ANGELES 


CHARLES  BRUNING  COMPANY,  INC. 

4712-24  Montrose  Avenue,  Chicago  41,  Illinois 
C^ntlemen:  I  want  to  know  more  about  Bruning 
BW  Prints  and  equipment.  Please  send  me  informa¬ 
tion. 

Name . . . . . - 


Houston 
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ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 


Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


ELECTRON  ART  (continued) 

but  as  it  is  heated  it  becomes  a 
progressively  better  conductor.  To 
make  the  ceramic  conductive,  an 
exciting  current — either  direct  or 
r-f — is  applied  to  heat  the  radiator 
to  700  F.  If  the  current  is  held 
constant  the  temperature  will  re¬ 
main  constant.  It  is  necessary  to 
use  either  a  ballast  resistor  or  a 
regulated  current  source  to  prevent 
the  exciting  current  from  increas¬ 
ing  without  limit. 

Emission  can  be  readily 
modulated  by  superimposing  an 
audio-frequency  current  on  the 
exciting  current.  Under  some  con¬ 
ditions  the  exciting  current  can 
be  removed  after  the  modulating 
current  is  applied.  Because  the 
emission  of  the  glower  varies  as 
the  fourth  power  of  the  absolute 
temperature,  intensity  modulation 
of  the  beam  is  pronounced.  Be¬ 
cause  of  conductive  cooling  to  the 
surrounding  air  and  the  negative 
resistance  characteristic,  the  emit¬ 
ter,  despite  its  considerable  mass, 
responds  to  voice  frequencies. 

The  radiator  can  be  small  enough 
to  constitute  a  point  source,  and 
thus  be  readily  used  with  a  spheri¬ 
cal  mirror  to  produce  a  beam,  and 
still  give  appreciable  radiation.  The 
spectral  response  has  its  peaks 
where  other  infrared  sources  are 
deficient.  An  infrared  filter  is  used 


PACKAGED  KILOWATT 

COMMUNICATION— "RADIOBEACON 


760-T 

1000  watts 
2  to  15  MC 
A1  and  A3 
Local  or  remote 


Specifications 
POWER  OUTPUT 
FREQUENCY  RANGE 
EMISSION 
CONTROL 


170-T 

1000  watts 
200  to  500  KC 
A1  and  A3 
Local  or  remote 


The  160-T  COAAMUNICATION  Transmitter  is  designed  for  airways,  coastal 
harbor,  police  or  any  point-to-point  service  where  dependable  tele¬ 
phone  and  telegraph  communication  is  essential. 

The  170-T  RADIOBEACON  Transmitter  provides  homing 
facilities  for  aircraft.  Tone  keying  offers  station  iden¬ 
tification;  voice  modulation  gives  weather  and 
landing  information.  Applicable  as  well 

for  coastal-marine  beacon  and  ^  -  ■y—  ■■ 

communication  installations. 

^  Details  on  request 


WAVELENGTH  IN  MICRONS 


Spectral  responie  of  steatite  shows  a 
sharp  peak  lust  outside  the  visible  region. 
Infrared  racUation  penetrates  smoke  and 
rain  more  effectively  than  visible  light 

to  remove  visible  light  from  the 
beam. 

Modulation  of  an  Insulcon 
Glower,  the  emitter  described 
above,  is  described  in  U.  S.  Patent 
No.  2,389,649,  granted  to  Rawson 
E.  Stark  and  Donald  E.  Stark, 
Stupakoff  Ceramic  &  Mfg.  Co.  The 
German  Army  Used  a  photophone 
for  communication  over  short  dis¬ 
tances.  A  mechanical  modulator 
controlled  the  amount  of  projected 
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ip^'That  *S  why  •  •  •!  use  the 
ELECTRONICS  BUYERS*  GUIDE  almost 
daily  and  for  the  same  reason,  it*s  why 
practically  everyone  else  in  my  type  of 
work  does  too. 


“Here's  what  the 
ELECTRONICS 


BUYERS*  GUIDE 
does  for  me  .  .  . 


It  gives  me,  in  one  book,  the  most  complete 
and  informative  picture  of  components, 
‘packaged*  equipment,  and  allied  products 
that  is  available  —  information  that  I  must 
have  at  my  finger  tips  at  all  times.  Previously, 
I  have  wasted  considerable  time  searching  for 
some  individual  company’s  literature  in  order 
to  determine  the  characteristics  of  their  prod¬ 
uct.  Now  it’s  just  a  matter  of  seconds  to  look 
up  listings  in  the  ‘GUIDE*  in  order  to  get 
that  information. 

“Then,  too,  there  are  many  times  when  I’m 
uncertain  as  to  who  makes  a  certain  product, 
and  here  again  the  ‘GUIDE*  comes  to  my  aid 
with  a  complete  list  of  all  available  sources. 
No,  I  wouldn’t  want  to  get  along  without  this 
‘reference  book  of  the  industry*  —  it’s  vitally 
important  to  me  particularly  when  I  design-in 
products  and  specify  purchases.” 
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“My  job  is  to  dream  up  electronic 
equipment  that  will  knock  dollars  off 
operational  costs,  improve  end  products 
or  accomplish  something  that’s 
never  been  done  before. 

“But  I  can’t  dream  in  a  vacuum. 

I  must  be  lOO^o  up-to-date  on  everything 
happening  in  my  field.  I  must  have 
accurate  product  information  and 
definite  knowledge  of  all  available 
sources  for  everything  designed  for  use 
in  electronic  equipim 


Mr.  Manufacturer . . . 


This  is  not  an  isolated  case — it’s  typical. 
Therefore,  make  sure  your  products  are 
fully  represented  in  the  coming  issue  of 
the  ELECTRONIC  BUYERS*  GUIDE 
which  will  be  read  and  studied  by  the 
men  who  design,  specify,  create,  and  di¬ 
rectly  or  indirectly  influence  purchases. 
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ELECTRON  ART  (continu.d) 

radiation.  A  photocell  received  the 
beam.  Vacuum  tubes  provided 
signal  amplification,  and  a  lens  sys. 
tern  focused  the  beam.  The  equip¬ 
ment  and  its  operation  are 
described  in  Dept,  of  Comm, 
reports  PB-19746,  21  p;  PB-1612, 
14  p;  PB-1623,  11  p;  PB-2336,  22 
p;  and  PB-1531,  54  p.  Infrared 
sources  bright  enough  to  illuminate 
a  road  for  200  meters,  used  for 
driving  in  blackout,  illuminating 
sniper  targets,  and  identifying 
planes  at  night,  are  described  in 
Dept,  of  Comm,  report  PB-1587. 
See  also  Electronics,  Jan.  1944, 
p  156;  June  1946,  p  95  and  224. 


Wideband  I-F  Amplifiers 

Requirements  of  radiolocation  i-f 
amplifiers  are  more  stringent  than 
for  television  amplifiers.  Minimum 
background  noise,  rather  than 
large  gain  or  bandwidth,  is  the 
foremost  requirement.  A  compara¬ 
tively  low  i-f  value  gives  low  noise 
and  makes  use  of  conventional 
tubes  but  lacks  wide  band-pass  and 
presents  difficulties  in  separating 
the  i-f  carrier  from  the  modulation 
in  the  detector.  A  higher  i-f  value 
gives  better  image  frequency  rejec¬ 
tion  and  is  less  likely  to  amplify 
higher  components  of  suppression 
pulses.  Normally  the  i-f  value  lies 
between  10  and  60  me. 

Other  things  being  equal,  noise 
power  is  proportional  to  bandwidth. 
Important  components  of  a  rec¬ 
tangular  pulse  lie  within  a  band 
1/T  cps  wide,  where  T  is  the  width 
of  the  pulse.  Ideally  the  i-f  ampli¬ 
fier  bandwidth  should  be  about  2/7’ 
cps  wide.  Optimum  bandwidth  is, 
however,  best  found  by  experiment. 
Investigations  made  to  discover  a 
particular  shape  of  frequency- 
response  curve  for  maximum  sig- 
nal-to-noise  ratio  show  little 
preference.  Single  circuits,  all  in 
tune,  are  very  inefficient  couplings. 
Stagger-tuned  circuits  are  easily  set 
up  and  give  high  stage  gain  and  an 
amplifier  having  broad  bandwidth. 

If  the  radiolocation  i-f  amplifier 
were  left  at  full  gain  during  trans¬ 
mission  of  pulses,  the  tubes  would 
be  overloaded.  To  overcome  this 
damage,  the  amplifier  is  rendered 


The  outstanding  features  of  cor¬ 
rosion-resistant  18-8  Austenitic 
Stainless  Steel  enable  wider  applica^ 
tion  of  C.  M.  H.  Bellows.  This  is 
because  stainless  steel  has  the  neces^ 
sary  characteristics  to  assure  long 
life  and  low  maintenance  cost. 

C.  M.  H.  Bellows,  for  example, 
with  a  working  range  of  sub-zero 
to  a  scaling- point  of  1800°  F.  are 
not  bothered  by  temperatures  .  .  . 
hot  or  cold.  In  addition,  they  have 
multiple-ply  construction  for  greater 
strength;  ferrous  fittings,  attached 
by  Circular  Seam  Welding  to  insure 
leakproof  joints;  uni-metal  assem¬ 
blies  which  avoid  troubles  often 
encountered  when  bi-metal  or  solder 
joints  are  used.  These  and  other 
features  warrant  your  consideration. 
Write  for  Bulletin  SS  B-46. 
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■Hall  SELENIUM  RECTIFIERS  ARE 
RAPIDLY  BECOMING  STANDARD 
IN  INDUSTRY  FOR  ALL 
RECTIFIER  APPLICATIONS 


1 1  PMrmiMiit 

^2  AdcHptcibilily  fo  cH  ty|M«  •!  circutto 

3  UnlimilMl  Kf«— ae  iwvlwt 
:  %  tmmmdif  to  atiw— pfcwrk  cfcaa^w^aMBP 
5  High  •fRcWncy  par 
^  ham  f  vail  la  50,000  valta 

7  haOi  10  atkraKimparaa  la  10,000  amparat. 
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V  lcaaamkat--^»kapl^^^^^^^^m^^^ 


The  Modern  Solution  for  oil  Rectifier 
applications.  Selenium  Rectifiers  ore 
ENGINEERED  FOR  ENGINEERS.  Selenium 
Corporation  of  America  meets  exacting 
specifications  of  modern  electronic  devel¬ 
opments.  Manufacturers  of  o  brood  line  of 
Selenium  Power  and  Instrument  Rectifiers, 
Self  generating  Photo-Electric  cells  and 
allied  scientific  products.  Selenium  Corpo¬ 
ration  of  America's  engineering  experience 
con  be  called  upon  for  the  development 
and  production  of  special  rectifiers  for  any 
application. 
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CML  MODEL  1210 


PORTABLE  STROBOSCOPE 

This  newly  developed  stroboscope  employs  a  novel  cir¬ 
cuit  arrangement,  using  a  self-blocking  oscillator.  Rotary  or 
vibratory  motion  can  be  ‘‘stopped”  when  the  moving  object  is 
examined  with  stroboscopic  light  source.  The  speed  covered  is 
from  600  to  48,000  RPM  (10-800  CPS),  in  4  ranges.  A  synchro¬ 
nized  reed  is  provided  for  accurate  calibration  against  the  line 
frequency. 

A  valuable  aid  in  industry  for  the  slow-motion  study  of 
rotating,  reciprocating,  or  vibratory  mechanisms,  CML  1210  is 
also  useful  for  studying  mechanical  stresses  and  strains  under 
dynamic  conditions. 

The  light  source  is  contained  in  a  probe  attached  to  a  4-foot 
flexible  cable.  This  unusual  feature  makes  CML  1210  especially 
useful  when  using  the  Stroboscopic  light  in  small  out-of-the-way 
places.  The  light  probe  and  cable  are  housed  in  the  cabinet  when 
the  Stroboscope  is  not  in  use.  The  handle  of  the  probe  is  then 
used  to  carry  the  instrument. 

Write  for  Descriptive  Bulletin 

COMMUNICATION  MEASUREMENTS  LABORATORY 

120  GREENWICH  STREET,  NEW  YORK  6.  N.  Y. 

Sales  Offices:  CHICAGO:  612  N.  Michigan  Ave— WASHINGTON:  924  19th  St,N.W. 
PHILADELPHIA:  Van  Dam  Building,  10th  and  Market  Sts. 
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inoperative  by  a  large  negative 
suppression  pulse,  usually  applied 
to  the  screen  grid  of  the  first  tube. 
The  circuit  must  recover  quickly 
after  removal  of  the  suppression 
pulse  so  that  returns  from  nearby 
targets  will  be  received.  Because 
pulses  from  close  targets  will  be  of 
large  amplitude,  gain  of  the  i-f 
amplifier  may  be  raised  slowly  after 
removal  of  the  suppression  pulse  by 
means  of  a  saw-tooth  wave.  Such 
gain  control  is  called  swept  gain. 
When  it  is  more  important  to  oper¬ 
ate  at  the  greatest  gain  consistent 
with  background  noise,  avc  is  used. 

Because  the  bandwidth  of  the 
i-f  amplifier  is  very  small  com¬ 
pared  to  the  transmitted  carrier 
frequency,  a  discriminator  circuit 
and  automatic  frequency  control  of 
the  local  heterodyne  are  used  to 
hold  the  intermediate  frequency  in 
the  center  of  the  i-f  band-pass 
despite  frequency  drift  of  the 
transmitter.  Details  of  the  dis¬ 
criminator  are  modified  from 
those  used  in  continuous-wave 
transmission  to  deal  with  pulse 
modulation.  Further  details  of  this 
investigation  may  be  found  in  a 
paper  by  W.  L.  Watson,  I.  F.  Ampli¬ 
fiers  for  Radiolocation  Receivers, 
South  African  Engr,  p  177,  Aug. 
1946. 


Movie  of  a  Movie 


Chinese  cinematographers,  sent  to  Holly¬ 
wood  by  the  Chinese  govemment  to  study 
American  motion  picture  production  prac¬ 
tice,  are  making  a  documentary  film  for 
use  in  teaching  motion  picture  technique 
to  students  at  the  Chinese  University.  John 
Cass  is  shown  explaining  to  Chen  Yang 
methods  for  mixing  and  monitoring  voice 
signals  at  a  portable  console  used  on  set 
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A  UNIQUE  LINE  OF  LOUDSPEAKERS 
UNEXCELLED  IN  ANY  FIELD. ..FOR  ANY  USE 


604  Duplex  15*inch 


€03  Multicetl  Die-Cone  IS-inch 


600  Die-Cone  12-indi 


THI  MOOfL  404  DUPLIX  fulBlls  professional  requirements  for  a  full  2’Way 
speaker,  reproducing  the  entire  FM  range  without  intermodulation  or 
distortion.  It  provides  the  ultimate  in  sound  quality  .  .  .  unsurpassed 
by  any  unit  at  any  price. 

THI  MODIL  403  MULTiciu.  DiA<coNi  meets  the  tremendous  need  for  ultra 
high-fidelity  sound  that  approaches  the  Duplex  in  quality,  but  is  more 
economical  in  price.  This  speaker  incorporates  all  the  advantages  of  a 
2-way  multicellular  speaker  system. 


THI  MODIL  400  DiA-coNi  is  designed  primarily  for  manufacturers  cater* 
ing  to  discriminating  musical  tastes.  It  is  priced  within  the  range  of 
all  connoisseurs  who  demand  faithful  reproduction  of  tone.  They 
select  this  inexpensive  unit  as  an  auxiliary  speaker  for  their  receivers. 


hearing  is  believing  .  .  .  ask  your  dealer  for  a  demonstration 


ti 


Cabinstry  dasignad  to 
anhanca  sound  raproduc- 
tion  and  harnnontza  with 
intariors  is  availabla 
for  Modals  604  and  603. 


KEEP  ADVANCING  WITH  ALTEC 


Tha  Modals  603  and  600  both 
amploy  tha  axclusiva  Oia- 
Cona  construction  principla. 
reproducing  low  fraquan- 
cias  and  high  fraquancias 
from  separata  diaphragms. 


LANSING** 
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fiers  is  flat  within  0.2  db  from  15  to 
25,000  cycles. 

The  Model  30A  preamplifier  and 
mixer  is  powered  by  either  the  IOC 
amplifier  to  which  it  is  attached  or 
from  a  separate  supply.  It  can  be 
mounted  adjacent  to  or  at  a  dis¬ 
tance  from  the  output  amplifier  de¬ 
pending  upon  requirements. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  apparatus,  component  parts,  packaged  units 
and  allied  equipment  are  described.  Catalogs  and 
manufacturers*  publications  are  reviewed 


Talking  Letters 

The  Brush  Development  Co., 
8405  Perkins  Ave.,  Cleveland  14, 
Ohio.  The  Mail-A-Voice  recorder- 
reproducer  uses  paper  recording 
blanks  coated  with  a  magnetic  ma¬ 
terial.  When  records  are  made  or 
played  back  a  grooved  spiral  plate, 
concentric  with  the  paper  record,  is 


Water-Cooled  Resistor 

International  Resistance  Co., 
401  North  Broad  St.,  Philadelphia, 
Pa.  A  new  development  is  the  type 
LP  liquid  cooled,  high-frequency, 
high-power  resistor  designed  par¬ 
ticularly  for  television,  f-m,  and 
dielectric  heating  applications.  The 
resistance  film  is  thin  and  has  an 


and  industrial  heating  applications. 
The  tube  is  water-cooled,  but  is 
fitted  for  quick  insertion  in  the 
electrical  circuit  and  connection  to 
water  lines. 


active  length  considerably  less  than 
a  quarter  wavelength  at  f-m  fre¬ 
quencies.  A  high-velocity  stream 
of  water  flows  against  the  film  to 
cool  it.  Power  dissipation  up  to  5 
kilowatts  is  permissible.  The  re¬ 
sistor  is  available  in  values  between 
35  and  1,500  ohms.  Standard  toler¬ 
ance  is  plus  or  minus  15  percent. 


Twin  Recorder 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  A  newly 
developed  dual  recorder  can  be  used 


Response  of  the  model  IOC  ompliiier  to  a 
5.000  cycle  square  ware 


of  which  is  illustrated,  but  differ  in 
the  amount  of  supplementary  con¬ 
trol  equipment.  All  units  are  built 
on  a  17-inch  chassis  suitable  for 
rack  mounting.  Audio  transformers 
of  special  design  are  used  through¬ 
out,  and  the  output  transformer  will 
not  saturate  with  34  watts  output 
at  25  cycles.  Response  of  the  ampli- 


C-W  Magnetron 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  magnetron  furnishing 
6  kilowatts  of  continuous-wave 
power  at  1,050  megacycles '  is  ex¬ 
pected  to  prove  useful  in  plastics 
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DtMORNAY 
BUDD 


The  complete  line  of  De  MornayBudd  standard 
test  equipment  covers  the  frequency  range  from 
4,000  mcs.  to  27,000  mcs.  it  provides  all  R.  F. 
waveguide  units  necessary  for  delicate,  precision 
test  work  requiring  extremely  high  accuracy  in 
attenuation  measurements,  impedance  measure* 
ments,  impedance  matching,  calibration  of  di* 
rectional  couplers,  VSWR  frequency  measure* 
ments,  etc. 

To  eliminate  guesswork,  each  item  of  this 
De  Mornay*Budd  test  equipment  is  individually 


tested  and,  where  necessary,  calibrated,  and 
each  piece  is  tagged  with  its  electrical  character¬ 
istics.  All  test  equipment  is  supplied  with  inner 
and  outer  surfaces  gold  plated  unless  otherwise 
specified. 

NOTE:  Write  for  complete  catalog  of 
De  Momay*Budd  Standard  Components 
and  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  in  your  reference 
files.  Write  for  it  today. 


The  three  test  set-ups  illustrated  above  include: 

Tub#  Mount  Tunablo  Dummy  Load 

Flop  Attonuotor  Standing  Wav*  Dotoctor 

Froquonqf  Motor  Typo  “N”  Standing  Wavo  Dotoctor 

Colibrotod  Attonuotor  Diroctional  Couplor 

Too  Night  Powor  Dummy  Load 

Stub  Tunor  Cut-Off  Attonuotor 

Stondk,  otc. 


electronics  —  December,  1946 


DE  MORNAY  •  SUDD  INC.,  475  GRAND  CONCOURSE,  NEW  YORK  51,  NEW  YORK.  CABLE  ADDRESS  **DEMBUD,’*  N.  Y. 


for  the  simultaneous  observation  of 
two  different  phenomena,  such  as 
noise  and  vibration,  or  average  and 
rms  values.  Built  in  rack  form, 
measuring  \2\  by  19  inches,  the 
unit  has  two  synchronous  motors, 
one  for  the  writing  pens  and  one 
for  moving  the  chart. 


Video  Network 

P.  R.  Mallory  &  Co.,  Indianapolis, 
Ind.  The  Videocoupler  is  a  three- 
terminal  network  designed  to  cou¬ 


ple  the  video  amplifier  to  the  pic¬ 
ture  tube  in  television  receivers. 
The  unit  comprises  two  peaking 
inductors  and  a  load  resistor. 


Television  Test  Units 

Radio  Corp.  of  America,  Camden, 
N.  J.  Television  test  units  illus¬ 
trated  here  for  broadcast  stations 
and  production  lines  comprise  the 


t3T)e  TG-IA  synchronizing  gener¬ 
ator  at  the  left,  as  well  as  the  type 
TK-IA  monoscope  camera,  and 
type  TA-IA  distribution  amplifier 
shown  at  the  right.  The  synchro¬ 
nization  generator  produces  five 
fundamental  timing  and  synchro¬ 
nizing  impulses  necessary  for  RMA 
standard  525-line,  30-frame  inter¬ 
laced  scanning  systems.  The  mono¬ 
scope  provides  a  fixed  standard 
video  signal,  while  the  amplifier 
serves  to  mix  the  signal  impulses 
or  send  them  out  through  separate 
lines  with  complete  isolation  of  in¬ 
put  and  output  circuits. 


Microphone  Stand 

Snyder  Mfg.  Co.,  22nd  and  Ontario 
Sts.  Philadelphia  40,  Pa.  The  new 
microphone  stand  features  a  heavy 
cast-iron  base  and  quick-grip  lock¬ 
ing  nut  to  hold  the  stand  at  any 
position  from  30  to  60  inches  high. 
List  price  is  $7.75. 


New  Voltohmyst 

Radio  Corp.  of  America,  Camden, 
N.  J.  Using  a  newly  developed  diode 
probe,  the  type  WV-75A  meter  can 
be  employed  for  high-impedance 
circuit  testing  at  frequencies  up 
to  250  megacycles.  Radio  receiver 
voltages  up  to  1,000  volts  can  be 


measured  directly  on  either  a-c  or 
d-c.  Bias  cell,  afc,  and  avc  voltages 
can  be  checked.  Six  resistance 
scales  allow  measurements  up  to 
1,000  megohms.  The  meter  weighs 
only  9  pounds. 


Condenser  Microphone 

Western  Electric  Co.,  Inc.,  195 
Broadway,  New  York  7,  N.  Y.  The 
type  640AA  studio  microphone  was 
originally  developed  and  used  for 
laboratory  and  field  work  in  sound 
studies.  Recently  this  microphone 
has  been  used  with  great  success  in 
high-fidelity  broadcasting.  A  fea- 


^  hyflux 

Magnetic  Recording  Tape  with  full  fidelity  performance 


HYFLUX  magnetic  recording  tape  is  a  new  “pack-  Although  The  Indiana  Steel  Products  Company  will 

aged  energy”  product  of  The  Indiana  Steel  Products  only  produce  HYFLUX  Tape  itself,  the  importance 

Company  offering  for  the  first  time  full,  rich,  high  of  developing  a  soundly  engineered  recorder  for 

fidelity  performance  at  moderate  operational  speeds.  HYFLUX  magnetic  tape  was  recognized.  The  com- 

HYFLUX,  the  result  of  over  a  third  of  a  century  of  bined  work  of  The  Indiana  Steel  Products  Company 

experience  in  permanent  magnet  production  aug-  and  the  Physics  Research  Division  of  the  Midwest 

mented  by  independent  research  of  the  Battelle  Me-  Research  Institute  resulted  in  a  single  basic  mecha- 

morial  Research  Institute,  is  a  paper  tape  coated  nismwhichincorporatesoutstanding  new  refinements 

with  fine  high-energy  magnetic  particles  with  char-  in  recording  magnetics,  electronics,  mechanics,  and 

acteristics  comparable  to  the  well-known  grades  of  acoustics.  These  engineering  findings  will  be  avail- 

Alnico.  The  simplicity  of  its  design,  its  high  fidelity  able  to  all  recording  machine  manufacturers  who  are 

performance,  and  the  low  cost  materials  used  in  fab-  HYFLUX  licensees.  Write  today  for  additional 

rication  provide  HYFLUX  tape  with  exceptional  information  on  the  technical  application  of  HYFLUX 

advantages  for  modern  commercial  recording.  recording  tape. 

•  Reg.  U.  S.  Pat.  Off. 

HYFLUX  Magnetic  Recording  Tape  Brings  These  New 
Advantages  to  the  Field  of  Sound  Recording 

•  High  Fidelity  Performance  •  Compact ..  •yi  hour  recording  •  Flexible  and  Durable  in  Use 

•  Low  Operating  Cost  ^  single  8  MM  reel.  •  Permits  Precision  Editing 


PRODUCERS  OF  "PACKAGED  ENERGY' 


VALPARAISO,  INDIANA 

STAMFORD,  CONN.  (CINAUDAGRAPH  DIV.) 

©  1946  The  Indiana  Steel  Products  Co. 


6  NORTH  MICHIGAN  AVENUE  *  CHICAGO  2,  ILL 
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fier,  type  A-319,  has  been  designed 
for  home  phonograph  or  commer¬ 
cial  wired  music  systems.  Bass 
and  treble  boost  are  provided,  but 


the  amplifier  is  essentially  flat  from 
40  to  15,000  cycles  without  use  of 
these  controls.  The  power  output 
is  4  watts  and  the  equipment  can 
be  operated  on  either  a-c  or  d-c 
lines.  There  are  two  models,  A  and 
B,  that  differ  in  weight  and  line 
input  impedance. 


Signal  Tracer 

Special  Products  Co.,  Silver 
Springs,  Maryland.  A  battery-op¬ 
erated  portable  signal  tracer  weigh¬ 
ing  less  than  5  pounds  includes  a 


ate  to  plus  or  minus  5  percent 
within  a  pressure  range  of  one  to 
1,000  microns.  Nonex  envelopes 
with  tubulation  are  provided. 


Relay  Antenna 

The  Workshop  Associates,  Inc., 
66  Needham  St.,  Newton  Highlands 
61,  Mass.  Antennas  for  use  in  the 
920  to  960  megacycles  and  1,295  to 
1,375  megacycle  relay  bands  are 
now  in  production.  The  dish-type 


long  probe  to  reach  inaccessible 
points  in  a  receiver,  a  gain  control, 
and  a  loudspeaker.  A  jack  is  pro¬ 
vided  for  an  output  meter. 


Pirani  Tubes 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
Pirani  tubes  with  tungsten  fila¬ 
ments  operating  at  1.5  volts,  100 
milliamperes,  are  available  in 
matched  pairs  for  use  with  a  0-1 
milliampere  meter  in  a  simple 
bridge  circuit.  The  type  R-1111 
tubes  so  used  give  readings  accur- 


will  be  useful  to  radio  amateurs,  as 
well  as  police  and  marine  stations 
in  the  frequency  range  1.8  to  54 
megacycles.  When  properly  in¬ 
stalled  near  an  a-m  transmitter  it 
will  indicate  percentage  of  modula¬ 
tion  and  any  carrier  shift.  A  head¬ 
phone  jack  is  also  provided  for 
aural  check  of  modulation  distor¬ 
tion  and  hum.  The  equipment  is 
relatively  simple  in  construction 
and  requires  no  batteries  or  exter¬ 
nal  power  connection  by  virtue  of 
using  two  crystal  diodes. 


Electron  Diffraction 

General  Electric  Co.,  Syracuse, 
N.  Y.  Fifteen  electron  diffraction 
instruments  are  now  being  manu¬ 
factured  for  the  study  of  quartz 
crystals  and  metal  surfaces.  Speci¬ 
mens  weighing  up  to  40  pounds  are 


antennas  have  a  power  gain  of  50 
with  half-power  angles  of  21.5  de¬ 
grees  in  the  vertical  and  18.5  de¬ 
grees  in  the  horizontal  plane. 
Standing  wave  ratio  is  less  than  1.5 
to  1  when  the  antenna  is  connected 
to  a  52-ohm  line. 


Modulation  Meter 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  type  X7018  modulation  meter 


bombarded,  under  vacuum,  with 
electrons  that  bounce  off  to  be  pho¬ 
tographed  in  the  form  of  a  diffrac¬ 
tion  pattern  on  a  plate.  The  equip¬ 
ment  is  useful  in  a  submicroscopic 
study  of  surfaces  and  in  determin¬ 
ing  the  photoelectric  work  function 
of  various  alloys. 


Flash  Tube 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  new  type  R-4340  flash  tube  pro¬ 
vides  a  peak  output  of  48  million 
lumens  or  four  times  that  of  the 
type  R-4330.  Uniformity  of  the  il¬ 
lumination  between  4,000  and  7,000 
angstroms  makes  the  new  tube 
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One  of  the  kingpins  in  Armco’s  pro¬ 
duction  of  Quality-Controlled  Electrical 
Steels  is  the  mill  representative.  In  a 
sense  he  works  for  )oh,  not  us. 

This  roving  ambassador  of  "Q.C.” 
who  visits  your  plant  has  only  one  ob¬ 
jective:  to  see  that  you  get  the  one  right 
electrical  steel  for  your  products.  He 
wants  no  "white  elephants”  holding  up 
your  presses  or  clogging  production 
lines. 

"Q.C.”  —  Quality  Control  —  is  no 
stranger  to  Armco  mill  representatives 
and  production  supervisors.  Control 
charts  and  statistical  analysis  arc  devel¬ 
opments  of  recent  years;  they  help  as¬ 


sure  consistent  production  of  prime 
Armco  sheets. 

But  control  charts  are  only  part  of 
the  story.  For  almost  20  years  "Q.C.” 
has  been  a  live,  familiar  term  in  the 
Armco  mills.  It  governs  the  control  of 
sheet  steels  even  before  the  "charge” 
goes  into  the  open-hearth  furnace. 

INDIVIDUAL  ROUTINGS 


The  salesman,  mill  representatives  and 
metallurgists  study  your  order  and  its 
requirements — determine  for  what  pur¬ 
pose  the  steel  will  be  used  and  how  it 
will  be  fabricated.  Then,  on  your  indi¬ 
vidual  routing  card,  metallurgists  speci¬ 


fy  the  mill  routing  that  will  give  your 
electrical  steels  the  properties  they  need. 

In  all  these  deliberations  the  Armco 
mill  representative  first  keeps  yoicr 
problems  in  mind.  He  is  your  assurance 
of  a  high  "Q.  C.”  in  the  Armco  Elec¬ 
trical  Steels  that  go  into  your  products. 
The  American  Rolling  Mill  Company, 
4731  Curtis  Street,  Middletown,  Ohio. 


^jCTRIC.^ 


THE  AMERICAN  ROLLING  MILL  COMPANY 

Special-Purpose  Sheet  Steels  •  Stainless  Steel  Sheets,  Bars  and  Wire  — — — 


ELECTRONICS  — December. 


CANNON  ElECTRIC 

DEVELOPMENT  COMPANY 


CANNON 

ElECTRIC 


NEW  PRODUCTS 


(contini 


XL.3-11  PLUG 
List  $1.25 


CAB1.E  RELIEF  SPRING 


.EM3  BINDER  HO.  M.S, 


LATCH  LOCKING  DEVICE 


FRICTION  WASHER 


GLAND  BUSHING 


■polarizing' 
BOSS  I 


EXPLODED  VIEW 
TYPE  XL-3-11  PLUG 


HOlE  tapped  thru 
metal  barrel 


insert  assembly 


tion  ranges,  0  to  80,  and  0  to  240 
kilocycles.  The  instrument  is  also 
available  for  amplitude  modulation 
tests  with  30  and  50  percent  modu¬ 
lation.  A  monitoring  meter  stand¬ 
ardizes  the  output  level.  Output 
impedance  is  26.5  ohms.  Power 
supply  is  self-contained  and  oper¬ 
ates  from  ordinary  socket  power- 


i  YEARS  OF  EXPERIENCE  and  success  building  multi¬ 
contact  electric  connectors  have  gone  into  the  design 
and  manufacture  of  this  new  line  of  ’’XL”  fittings 
for  low-level  sound  transmission  circuits  and  other 
general  electrical  uses. 

A  good  plug  can  be  taken  apart  for  wiring  and 
inspection  and  put  back  together  again.  You’ll  find 
this  easily  done  with  the  "XL,”  because  of  its  superior 
engineered  features.  Note  the  above  exploded  view. 
Electric  Equipped  pj-Qm  the  high  quality,  molded  insert  insulation 
with  silver-plated  brass  contacts,  through  the  diecast  zinc  shells, 
with  bright  nickel  finish,  the  patented  latchlock  device,  gland 
bushing,  friction  washer  and  cable  relief  spring — you  get  A-1 
construction  features  in  a  connector  in  the  moderate  price  class. 

XL  RECEPTACLES  FOR  VARIOUS  TYPES  OF  MOUNTING 


Auto  Radio  Vibrators 

National  Union  Radio  Corp., 
Newark,  N.  J.  Replacements  for 
over  2,500  different  models  of  auto 


radio  vibrators  have  been  standard¬ 
ized  to  a  minimum  of  8  types  now 
being  manufactured  under  the 
brand  name  Univibes. 


LL-3.14N  $1.15  XL.3.14  $1.00  XL-3.13N  $1.25  XL-3-13  $1.25 

AMPERAGE  AND  VOLTAGE:  The  three  contacts  have  15-amp. 
capacity  with  a  minimum  flashover  voltage  of  1500  volts  (250 
volts  working  voltage).  ^ 

Write  for  the  new  Bulletin  ‘*XL-246,”  describing  the  fittings  illustrated  above 
and  also  the  three  "XL”  adapters  for  popular  makes  of  microphones.  Ad¬ 
dress  Dept.  L-120,  Cannon  Electric  Development  Co.,  Los  Angeles  31,  Calif. 
Write  Cannon  Electric  Co.,  Ltd.,  Toronto  for  Canada  and  British  Empire;  Frazar 
&  Hansen,  301  Clay  St.,  San  Francisco  1 1,  Calif,  for  other  world  trading  areas. 


Tubular  Rheostat 

Rex  Rheostat  Co.,  3  Foxhurst 
Road,  Baldwin,  L.  I.,  N.  Y.  A  new 
tubular  slide-contact  rheostat,  type 
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JL  f  you  manufacture  the  kind  of  combination  that 
takes  its  precious  time  coming  off  the  drawing 
board  —  and  off  the  assembly  line  -  Garrard  is 
your  record  changer. 

For  the  most  part,  Garrard  changers  have  been 
findii^  their  way  into  those  custom-built  assemblies 
where  every  component  is  hand-picked,  without  a 
side%me  glance  at  cost.  Your  finest  cond>inations 
are  made  that  way,  and  there  is  every  reason  why 
you  can  and  should  select  Garrard. 

It’s  as  simple  as  this:  with  Garrard  in  your  com¬ 
bination,  you  can  feature  the  changer  as  you  fea¬ 
ture  cabinetry  and  tone  quality.  You  can  point  up 
the  watch-like  construction;  the  exclusive  governor- 
controlled,  speed-regulated  motor;  the  non-slip 


spindle  . .  .  and  more.  Most  important . . .  Garrard 
has  the  *‘look”  of  belonging  in  distinctive  sets. 

Send  for  a  sample  changer.  Garrard  Sales  Cor¬ 
poration,  315  Broadway,  New  York  7,  New  York. 

PRECISE  AS  A  WATCH 

1.  Exclusive  speed -regulated,  governor-controlled  motor 

2.  Completely  automatic  intermixing 

3.  True  tangent,  jewelled-pivot  tone  arm 

4.  Exclusive  non-slip  spindle 

5.  Automatic  stop 

6.  Heavy  fly-wheel  action  built  into  turntable 

7.  Only  one  operating  control  required 

8.  Full  swivel  tone  arm  for  changing  needles 

9.  Kind  to  fragile  records;  no  knives  or  trick  spindles 

.  . .  they  ask  for  it  by  name  . .  . 

GARRMD 

WORLD’S  FINEST  AUTOMATIC  RECORD  CHANGER 


C^RRARD  ADS  APPEAR  CONTINUALLY  IN  EVERY  IMPORTANT  CONCERT  PROGRAM- AND  IN  LEADING  HOME  FURNI5HING5*PUBLICATIONS 
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Corporation  o(  America 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N.  Y 
M  ore  Than  a  quarter-century  of  Quality  production 


NEW  PRODUCTS  (confinu.d) 

E,  features  a  pair  of-copper-graph- 
ite  contact  blocks,  connected  by  a 
leaf  spring  of  phosphor  bronze. 
One  block  bears  against  the  resis¬ 
tance  winding  and  the  other  agaitwt 
the  slider  bar  so  that  the  con  tit 
is  lubricated  and  arcing  prevented. 
There  are  16  ohmic  values  in  which 
the  resistor  is  regularly  manufac¬ 
tured.  Power  rating  of  any  unit  .is 
460  watts.  Other  types  of  units 
manufactured  by  the  company  are 
described  in  Catalog  No.  3. 


»  MAKERS  OF 
THOUSANDS 
OF  RADIO 
AND  ELECTRONIC 
PARTS 


Individual  Receiver 

Emerson  Radio  and  Phonograph 
CoRP.,  Ill  Eighth  Ave.,  New  York 
11,  N.  Y.  A  broadcast  receiver 
equipped  with  an  output  for  a  hear- 


^  COMPLETE  N 
FACILITIES  FOR 
FILLING  YOUR 
'fo  specification' 
V  ORDERS  ■ 


TREMiNDOUS 
STOCKS  OF  , 
QUALITY 
,  STANDARD  , 
^PARTS^< 


ing  aid  receiver  on  a  separate  vol¬ 
ume  control,  in  addition  to  the  regu¬ 
lar  loudspeaker  and  its  control,  has 
been  announced.  The  table-model 
receiver  will  retail  for  $45. 


Insuline  began  to  design,  develop  and  produce  quality  radio 
parts  for  the  industry  a  quarter  of  a  century  ago. 

Today,  Insuline  produces  one  of  the  biggest  lines  of  standard 
parts  —  everything  from  a  small  stamping  to  a  giant  trans* 
mitmr  cabinet— and  occupies  an  enviable  position  as  a  to-your- 
specificadons  manufacturer. 

You'll  find  quantity  and  quality,  speed  and  precision,  at  Insuline. 
You'll  find  more  complete  details  in  Insuline's  hot-off-the-press 
catalog.  Write  Dept.  E-3  for  your  copy— nowl 


Shunt  Capacitance  Meter 

Kalbfell  Laboratories,  1076  Mo- 
rena  Blvd.,  San  Diego  10,  Calif. 
The  model  401A  Micro-Miker  has 
been  particularly  designed  to  meas- 
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"DRIVE  TWICE  AS  FAST" 

Phillips  Screws  help  Piper  huild  1100  Cuhs  a  monthi 
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“We  started  using  Phillips  Screws  back 
ip  1938,  when  .  .  ,  and  because  .  .  .  we 
'’were  getting  set  for  large  scale  produc¬ 
tion,”  declared  Piper’s  Assistant  Chief 
Inspector  to  the  James  O.  Peck  Co.  in¬ 
vestigator,  studying  assembly  savings 
with  Phillips  Screws  in  well-known 
plants.  “Today  we’re  shipping  our 
Z0,000th  Piper  Cub.  That  proves  how 
much  faster  Phillips  Screws  are  to  drive. 


"IDEALLY  SUITED  TO  POWER  DRIVING, 

which  we  needed  for  high  production. 
Unlike  slotted  screws,  Phillips  Screws 
hold  the  driver  bit  in  place  without  a 
guide  or  other  support,  automatically 
center  themselves  in  the  screw  holes  and 
catch  the  thread  quicker.  Phillips  Screws 
are  easily  twice  as  fast  to  drive. 


"TAKES  LESS  TIME  TO  MAKE  SKILLED  AS¬ 
SEMBLERS.  It  takes  a  man  much  less  time 
to  become  familiar  with  and  do  a  good 
job  of  driving  Phillips  Screws.  Since  the 
Cub  is  fabric  covered,  any  driver  slips 
would  cost  us  expensive,  undesirable 
patching,  doping  and  repainting  ...  up 
to  $  1.00  a  slip.  Same  thing  on  the  instru¬ 
ment  panel  where  a  single  driver  slip 
would  cost  up  to  $3.50.  If  we  were  using 
slotted  screws,  assemblers  would  have 
to  go  much  slower,  esjiecially  at  the 
learning  stage,  to  avoid  such  damage. 


"WE  GET  A  BETTER  INSPECTION.  Don’t 
have  to  watch  out  for  burred  heads  as  we 
used  to  do  with  slotted  screws.  Fabric 
tears  and  instrument  panel  scratches  are 
out.  And  the  Phillips  Flecessed  Head 
certainly  makes  a  more  attractive,  work¬ 
manlike  job  wherever  screw  heads  are 
exposed.” 


GOOD  IDEAS  FOR  YOUR  ASSEMBLY  LINE 

in  this  independently  made  report  of 
Piper’s  assembly  savings  with  Phillips 
Screws.  Similar  studies  .  .  .  covering 
metal,  wood  and  plastic  products  .  .  . 
available  to  you  without  cost  or  obliga¬ 
tion.  Use  the  coupon  TODAY! 


Fastenings  near  fabric  covering  —  no  place 
for  driver  slips  — no  slips  with  Phillips  Screws. 


The  20,000th  Piper  Cub,  completed  June  1946. 
Phillips  Screws  speeded  this  big  production!  I 


PHILLIPSr<^  SCREWS 

Wood  Screws  •  Machine  Screws  •  Self-tapping  Screws  •  Steve  Bolts 
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Aiwsritan  Screw  Cs. 
Atlantic  Screw  Works 
Atlas  Bolt  &  Screw  Co. 
Central  Screw  Co. 
Chsndlor  Products  Cora. 
Continental  Screw  Co. 
Corbin  Screw  Div.  of 
American  Hdwe.  Corp. 
The  H.  M.  Harper  Co. 
International  Screw  Co. 
Lameen  A  Sastione  Co. 


Pheoll  Manufacturint  Co. 

Reading  Screw  Co. 

Russell  Burdsall  A  Ward 
Bolt  A  Nut  Co. 

Scovill  Manufacturing  Co. 
Shakeproof  Inc. 

Tha  Southington  Hardware  Mfg.  Co. 
The  Steel  Company  of  Canada,  Ltd. 
Starling  Bolt  Co. 

Stronghold  Screw  Products.  Inc. 
Wolvarino  Bolt  Company 


Phillips  Screw  Mfrs.,  c/o  Horfon-Noyes  R-11 

2300  Industrial  Trust  Bldg.,  Providence,  R.  I. 

Send  me  reports  on  Assembly  Savings  with  Phillips  Screws. 

Name .  . 


Company . . 

Addresa . 


Milford  Rivet  and  Machine  Co. 
National  Lock  Co. 

National  Screw  A  Mfg.  Co. 
New  England  Screw  Co. 
Parker* Kalon  Cerperatien 
Pawtucket  Screw  Co. 


20  Phillips  Screws  hold  in¬ 
struments  in  panel,  and  six 
more  fasten  panel  to  cowling 
of  the  Cub  Super  Cruiser. 
Before  using  Phillips  Screws, 
one  driver  slip  often  required 
removal  of  all  screws  and 
scrapping  or  repairing  dam¬ 
aged  panel. 


NEW  PRODUCTS 


(continued) 


ure  small  capacitances  in  amplifiers, 
includinR  stray  capacitances  be- 
twp<»n  wiring  and  chassis.  The 
measurement  is  made  by  direct  sub¬ 
stitution  in  a  parallel  resonant  cir¬ 
cuit  at  a  frequency  between  2.5  and 
3.5  megacycles.  Range  of  the  equip¬ 
ment  is  1  to  230  micromicrofarads. 


Kudioactivily  Proht* 

Instrument  Development  Lab¬ 
oratories,  817  E.  55th  St.,  Chicago 
15,  Ill.  A  portable  beta-gamma 
count  rate  meter  has  been  devel¬ 
oped  for  locating  radioactive  mate¬ 
rial.  The  model  2610  meter  has 


To  make 

f 

Mitro -Waves  behave 


Moldlock"  Flexible 


Wave  Guides 


”Moldlcx:k,”  one  of  the  three  basic  types  of  American 
Flexible  Wave  Guides,  consists  of  a  full,  four- wall  inter¬ 
locked  tubing  made  from  silver  laminated  bronze  or  tinned 
bronze  strip,  with  precision  bronze  flanges  and  covered  with 
a  molded  synthetic  jacket. 

’'Moldlock”  is  designed  for  mechanical  installations 
where  considerable  misalignment  must  be  compensated  for, 
or  where  vibration  or  difficult  bends  and  twists  are  problems. 

The  "Moldlock”  type,  the  Vertebra  type,  and  the  newer 
Seamless  Wave  Guide  mate  electrically  and  mechanically 
with  common  sizes  of  rigid  guide,  and  provide  for  operation 
at  wave  lengths  from  20  to  1  Va  Cm.  We  will  gladly  aid  in 
selecting  the  most  appropriate  type,  based  on  specific  re¬ 
quirements  of  the  installation. 

Further  information  on  request, 


three  ranges,  up  to  20  milliroent- 
gens  per  hour  full  scale.  A  detach¬ 
able  four-foot  cable  allows  probing 
with  the  Geiger  tube.  A  headset  is 
furnished  for  rapid  surveying. 
Self-contained  batteries  will  oper¬ 
ate  the  equipment  for  500  four- 
hour-daily  periods. 


Small  Motor 

Fairchild  Camera  and  Instru¬ 
ment  CORP.,  88-06  Van  Wyck  Blvd. 
Jamaica  1,  N.  Y.  A  new  117-volt, 


46nrs8 


THE  AMERICAN  BRASS  COMPANY  •  AMERICAN  METAL  HOSE  BRANCH 

General  Offices:  Waterbury  88,  Connecticut 
Subsidiary  oj  Anaconda  Copper  Mining  Company 
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NOW... 

SPRAGUE  brings  you  a 
2  MIL.  METER  MULTIPLIER 
that  gives  you  a  • .  • 


r' 


c  , 


¥ 


-‘  '  ■  i;  -tv* 


.f 


jia- '' ■ 


REDUCTION  IN 
RESISTANCE 
VALUE! 


ihll 


Conventional  multipliers  wound  with 
ordinary  enamelled  wire  cannot  oper¬ 
ate  safely  at  much  more  than  the  one 
MA  called  for  in  government  specifi¬ 
cations.  Sprague  Precision  Meter 
Multipliers,  however,  can  be  used  at 
twice  their  normal  current  ratings  with 
only  a  slight  decrease  in  long  time 
stability.  Plus  or  minus  1%  resistance 
tolerance  should  be  specified. 

This  cutting  of  resistance  value  in 
haljt  with  approximate  halving  in 
meter  multiplier  cost,  results  from  use 
of  wire  that  is  insulated  before  wind¬ 
ing.  with  a  1000®  C.  heat-proof  ce¬ 


ramic  and  wound  on  special  high- 
temperature  plastic  forms.  Larger  wire 
sizes  are  used  through  reduction  of 
resistance  values. 

It  all  adds  up  to  a  net  saving  of  as 
much  as  50%  in  multiplier  cost  .  .  . 
because  it  allows  exactly  half  the  re¬ 
sistance  value  and.  in  some  cases,  half 
the  number  of  multipliers,  to  be  used 
for  a  given  application.  Sprague  en¬ 
gineers  will  be  glad  to  make  recom¬ 
mendations  for  your  specific  applica¬ 
tion. 

Write  for  the  new  Sprague  Resistor 
Catalog  No.  lOOE. 


SPRAGUE  ELECTRIC  COMPANY,  Resistor  Division,  North  Adams,  Mass. 


HliLIHB 


III 

POWER  TYPES  •  BOBBIN  TYPES  •  METER  MULTIPLIERS  •  MEGOMAX,  ETC 

•Reg.  U.  S.  pQl  Off. 
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SORENSEN  &  COMPANY,  INC 

STAMFORD,  CONN. 


NEW  PRODUCTS  (continu.d) 

60-cycle  motor  operating  at  3,600 
rpm  has  a  starting  torque  of  0.75 
ounce/inches,  weighs  18  ounces 
and  will  be  useful  for  record 
changers,  wire  and  tape  recorders, 
and  instrument  product  applica¬ 
tions. 


Vibration  Meter 

Televiso  Products  Co.,  7466  Irv¬ 
ing  Park  Road,  Chicago  34,  Ill.  The 
model  11-B  Vibrometer  consists  of 
a  search  probe  attached  by  cable  to 
a  vacuum  tube  voltmeter.  The  meter 


MODEL  1750 
Rofulatlon  accuracy  0.2% 
Maximum  Harmonic  dis¬ 
tortion  5% 

Input  vottapa  •5-i2S 
Output  vottapa  I  tO-120 
adjustabla 

Input  frequaney  ranpa  00-70 
cycles 

4^  Load  raapa  200-2000  VA 


responds  to  frequencies  from  5  to 
2,500  cycles  and  can  be  read  in 
terms  of  displacement,  velocity,  and 
acceleration.  Displacements  under 
0.01  inch  and  accelerations  up  to 
10,000  can  be  measured.  The  equip¬ 
ment  is  completely  described  in 
Bulletin  33. 


SORENSEN  Regulators  straighten  out  weaving  in¬ 
put  voltages.  Ifs  done  the  electronic  way... with¬ 
out  moving  a  muscle.  No  moving  parts  assure  you 
of  quick  response,  low  maintenance  and  longer 


Midget  Capacitors 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  A  new  line 
of  midget  capacitors,  types  ZY  and 
ZZ,  are  among  the  smallest  cylin- 


Protecting  costly  laboratory  apparatus  from  over¬ 
voltages,  speeding  up  assembly  line  testing  or 
applied  to  any  of  your  regulation  problems,  the 
SORENSEN  Regulator  can  be  counted  on  to  do  the 
job  with  precision  and  accuracy. 

Write  for  more  information. 

Arrange  for  a  demonstration  today. 


A  LINE  OF  STANDARD  REGULATORS  FOR  LOAD  RANGES  UP  TO  30  KVA 
SPECIAL  UNITS  DESIGNED  TO  FIT  YOUR  UNUSUAL  APPLICATIONS. 
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A  little-known  property  of  Nickel  keeps  temperatures 
right  in  the  Simmons  Electronic  Blanket 


RAYON  CORE 


COPPER  WIRE 


NICKEL  WIRE 


Once  the  chosen  temperature  has 
been  restored,  signals  from  the 
“feeler”  wire  similarly  shut  off  the 
current. 

Nickel  was  selected  for  this  job 
because  its  coefficient  of  electrical 
resistivity  is  higher  than  that  of 
any  other  commercial  metal— .0043- 
.0050  (68-212°  F.).  But,  as  so  often 
occurs  when  Nickel  or  Nickel  Alloys 
are  used,  there  were  contributing 
advantages.  Nickel  offers  fatigue  re¬ 
sistance  (needed  to  withstand  re¬ 
peated  flexing).  Nickel  is  rustless 
and  corrosion  resisting  (important, 
since  the^  blanket  must  be  wash¬ 
able).  Nickel  is  both  workable  and 
strong  ( the  ** feeler**  wire  is  only 
0.0037"  in  diameter). 


Acting  as  the  temperature-sensitive 
element  in  an  electronic  control  is  a 
new  use  for  Nickel. 

Here's  how  the  job  is  carried  out 
in  the  Simmons  Electronic  Blanket: 

In  the  embedded  gridiron  pattern 
of  heating  wires  is  355  feet  of  fine 
Nickel  wire.  Acting  as  a  “feeler,”  it 
constantly  measures  blanket  tem¬ 
perature. 

If  temperature  falls  below  a 
chosen  level,  the  decreased  resist¬ 
ance  of  the  Nickel  wire  instantly 
transmits  a  signal  to  the  control  box. 

There,  electronic  tubes  amplify  the 
signal,  making  it  strong  enough  to 
actuate  a  relay  that  sends  current 
through  the  heater  wires. 

Remember  fo  invesfigote  Nickel  and  INCO  Nickel  Alleys  whenever 
you  need  metals  with  a  combination  of  hard-to-flnd  properties. 


WATERPROOF 

INSULATION 


Shown  above  is  the  heating  element  of  the 
Electronic  Blanket  made  by  the  Simmons 
Company.  Floating  in  channels  inside  the 
blanket,  it  is  composed  of  two  conductors, 
each  insulated  from  the  other  by  enamel 
and  both  covered  by  an  over-all  jacket  of 
waterproof  plastic  insulation.  One  conductor 
is  the  heating  wire.  The  other  conductor, 
consisting  of  355  feet  of  fine  Nickel  wire, 
acts  as  a  “Feeler”  and  constantly  measures 
blanket  temperature. 

Nickel  plays  an  important  role  in  the 
control  box,  too.  For,  with  3  electronic  tubes 
used,  there  are  jobs  that  can  be  done  only 
by  Nickel . . .  jobs  like  the  anodes,  grids, 
supporting  rods  and  lead-ins,  which  require 
Nickel’s  great  thermal  endurance,  strength 
and  corrosion  resistance. 


THE  INTERNATIONAL  NICKEL  COMPANY,  INC 

67  Wall  Straatf  New  York  5,  N.  Y. 


ALLOYS 


NICKEL 
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Here's  Your  Opportunity  to  "get  in  on  the  ground 
floor"  and  prepare  for  great  opportunities  ahead 

NOW— for  the  First  Time,  CREI  Offers  a  Complete 

Streamlined  Home  Study  Course  in 

Practhal 

TELEVISION 

Engineering 

FOR  THE  PROFESSIONAL  RADIOMAN 

Here  is  the  basic,  praaical  of  engineering  training  that  will  qualify  you  for  a  ,"key” 
job  in  the  expanding  Television  industry.  Sooner  or  later  you  must  face  Television — 
as  a  problem,  or  as  an  opportuni^.  You  can’t  rest  on  your  past  radio  experience.  But, 
you  can  use  it  as  a  firm  foundation,  upon  which  you  can  add  greater  knowledge  and 
ability  with  the  help  of  this  new  CREI  home  study  course.  It  costs  you  nothing  but  a 
few  minutes’  time  to  get  complete  details.  Write  at  once  for  FREE  DETAILS  of  the 
Television  Engineering  Course. 

CAPITOL  RADIO  ENGINEERIN6  INSTITUTE 

Dapt  E-12,  16th  and  Park  Road,  N.  W..  Washington  10.  D.  C. 


J«sf  O#  Pressl 
Moil  CoMpoR  for 
CemplofR  Froo 
Dofails  ORd 
OotllRO  of  CORTSO 


If  you  have  had  professional  or  amateur 
radio  experienoe  and  want  to  prepare  for 
opportunities  In  TELEVISION,  let  us  prove 
to  you  we  have  the  tralnlnp  you  need  to 
qualify.  To  help  us  Intelilnently  answer 
your  Inquiry— PLEASE  STATE  BRIEFLY 
YOUR  BACKGROUND  OF  EXPERIENCE, 
EDUCATION  AND  PRESENT  POSITION. 


: . . . ......................i 

;  E-13  : 

■  QBKTLBMBS :  Pleats  send  me  your  free  booklet,  "Your  S 

■  Opportunity  in  the  New  World  of  Bleetroniet",  topether  • 

S  wUh  full  detent  of  pour  home  ttudp  trainino.  I  am  j 

S  attaehinp  a  brief  returns  ef  mp  euperisrwe,  edmeeiion  and  S 

■  pretent  petition.  S 

S  Norio  .  • 

I  Sfroot  .  ; 

S  City . Zone . Stale .  ■ 

:  CHECK  □  PRACTICAL  RADIO  ENGINEERING  ; 

;  COURSE  □  PRACTICAL  TELEVISION  ENGINEERING  : 

■  □  I  am  eRfitled  fo  fraialRB  uader  the  G.  I.  till.  S 


Member  NaN.  Heme  Stedy  CohrcII — Natl.  CeuRcil  ef  Teeknleal  Schools— TelevhloR  Iroadeosters  Assr. 


NEW  PRODUCTS  (continued) 

drical  units  ever  manufactured. 
Standard  ZY  units  are  I  inch  long 
and  not  over  9/32  inch  in  diameter. 
Capacitance  values  range  from 
0.001  to  0.03  microfarad  at  d-c  rated 
voltages  from  150  to  600  volts.  The 
ZZ  units  are  smaller  and  have  cor¬ 
respondingly  lower  maximum  val¬ 
ues  of  capacitance  and  voltage 
breakdown. 


Rotary  Beam 

Wind  Turbine  Co.,  West  Chester, 
Pa.  The  new  Trylon  rotary  beam 
antenna  support  can  be  used  for  a 
4-elfcment  amateur  20-meter  direc¬ 
tive  antenna  or  for  any  other  high- 


frequency  array  that  may  be  re¬ 
quired  in  special  receiving  installa¬ 
tions.  Overall  length  of  the  support 
is  about  19  feet,  but  it  weighs  only 
31  pounds.  Ball-bearing  design  al¬ 
lows  the  use  of  either  manual  or 
motor  drive. 


Insulating  Tubing 

Insulation  Manufacturers  Corp., 
665  W.  Washington  Blvd.,  Chicago 
6,  Ill.  Dieflex  tubing  products  are 
made  from  braided  cotton  or 
braided  glass  and  so  treated  that 
they  will  not  fray.  Silicone-treated 
Fiberglas  varnished  tubings  are 
also  available. 


V-T  Voltmeter 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  89,  Mass. 
The  type  1800-A  vacuum-tube  volt¬ 
meter  supersedes  the  type  726-A. 
It  can  be  used  to  measure  either  d-c 
or  frequencies  up  to  600  megacycles. 
A  probe  used  with  a  variety  of  fit¬ 
tings  has  a  minimum  capacitance 


252 
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1-3/8  X  3-1  /2 


Modern  Junctionally  deHgned  eapaottore.  Metal 
ferrules  are  soldered  to  silver  bands  fused  to  each 
end  of  heavy-tcalled  glass  tubes.  This  vacuum  tight 
From  600  to  over  30.000  Volts  assembly  is  fungus-proof  and  passes  Signal  Corps, 

Air  Corps  and  Navy  thermal  cycle  and  immersion 
tests. 


#  For  low  and  medium  power  coupling  and  bypass  circuits 
where  mica  capacitors  have  previously  been  required 


#  Television  and  Oscilloscope  Circuits 

•  Vibrator  Buffer  and  Arc  Elimination 

*  Geiger  Counter  and  Instrument  Capacitors 

Writ*  lor  illustrated  litarotur*  featuring  our 
complete  line  of  Glostmike  Capacitors. 


*PLASTICONS:  Plastiffilm  Dielectric  Capocifori 

Order  from  your  jobber:  If  he  cannot  supply  you,  order  direct 

Condenser  Producis  Com|iiifi^ 


1375  NORTH  BRANCH  STREET  •  CHICAGO  22,  ILLINOIS 
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Disc  Type 

Neutralizing  Capacitor 


DMignad  originally  for  u<o  In  our  own  No. 
90181  Powor  Amplifior,  tho  No.  15011  dice 
nouiroliiing  copocHor  hot  twch  uniquo  foa> 
luros  oc  rigid  chonnol  fromo,  horicentol  or 
vorNcol  mounNng,  fino  Hwood  ovor-cizo  load 
ccrow  wHh  clop  to  provont  chorting  and 
rotor  lock.  Hoovy  roundod  -odgod  policitod 
aluminum  plotoc  coo  2"  diomolor.  Glozod 
Stootilo  incuiotion. 


^f-tlAMES  MILLEN 


MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


NEW  PRODUCTS 


(continued)  |  | 


of  3.1  micromicrofarads  and  an  in¬ 
put  resistance  at  low  frequencies  of 
25  megohms.  The  regulated  power 
supply  contained  in  the  instrument 
IS  operated  from  the  power  lines. 


RECORD  THIS  SHOW/- 
IT'S  /A4P0/^r4/\/l/ 


Decade  Counter 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  decade  scaling  unit 
for  use  with  particle  detectors  will 
respond  to  impulses  of  0.1  micro¬ 


second  duration  separated  by  only 
10  microseconds.  Scaling  factor  of 
the  type  YYZ-1  unit  is  either  10  or 
100,  but  can  be  used  in  cascade  to 
provide  factors  of  1,000  or  more. 


Microvolt  Meter 

The  Perkin-Elmer  Corp.,  Glen- 
brook,  Conn.  An  amplifier  for  the 
measurement  of  d-c  and  low-fre¬ 
quency  a-c  voltage  in  the  microvolt 
range  operates  by  changing  direct 
voltages  into  80-cycle  alternating 
voltage  by  means  of  a  vibrator. 
After  this  voltage  has  been  ampli- 


Suretake  Sam  Says: 


PON  T  CUT  mo 


whether  you  are  recording  for  broadcast, 
rebroadcast,  audition,  or  movie  playback,  it 
is  a  satisfaction  to  know  that  the  disc  you 
use  will  not  fail. 

SoundcrafYs  great  disc  names: 
e  'Broadcaster' 
e  'Playback' 
e  'Audition' 

are  yaur  guarantee  pf  highest  professional 
quality. 

WRITE  FOR  THE 
SOUNDCRAFT  STORY. 


REEVES 
SOUNDCRAFT  CORP. 

10  EAST  52  STREET 
NEW  YORK  22,  N  Y 

^ifSS  A.O-^G  V  L^C' 
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General  electric’s  newGL-5549tnodebulls- 
eyes  the  target  for  power  tubes  for  dielectric 
heating.  Check  all  5  key  advantages  above — then 
add  (6)  forced-air  cooling  for  simplicity  of  in¬ 
stallation,  (7)  a  pure  tungsten  filament  for  more 
reliable  high-voltage  performance. 

Substantial  service  lije  may  be  ensured  by  lowering 
the  voltage  of  the  GL-5549*s  tungsten  filament 
during  periods  when  no  anode  power  is  needed. 
Circuitwise,  this  easily  is  accomplished  by  using 
an  auxiliary  contact  on  the  anode  voltage  con¬ 
tactor,  to  cut  back  the  filament  potential  to  80 


percent  normal  when  the  anode  is  ’’idle”.  The 
practice  is  especially  useful  in  dielectric  heating 
applications,  which  commonly  operate  on  a  low' 
duty-cycle  basis. 

Type  GL-5549  is  the  newest  of  a  group  of  G-E 
power  tubes  for  high-frequency  heating — 18 
types  in  all— which  is  unexcelled  in  range,  adapt¬ 
ability,  and  proven  performance.  G-E  tube  engi¬ 
neers  gladly  w  ill  work  with  you  to  select  the  right 
tube  for  your  individual  heating-equipment  prob¬ 
lem.  Phone  your  nearest  G-E  office,  or  write 
Electronics  Department,  General  Electric  Company, 
Schenectady  5,  N.  Y. 


ELECTRIC 

FIRST  AND  GREATEST  NAME  IN  ELECTRONICS 
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POWER  TRIODE 


NEW  PKOOUCTS 


(continued) 


fied  in  a  resistance-capacitance  am¬ 
plifier  it  is  converted  back  to  d-c 
through  the  synchronous  action  of 
other  vibrator  contacts.  Because 
the  output  voltage  can  be  used  to 


Jbnerican 


Beaut 


operate  rugged  meters  or  standard 
recorders,  the  amplifier  is  suitable 
for  measuring  circuits  of  radiation 
thermopiles,  infrared  spectrome¬ 
ters,  and  thermocouples. 


All-Band  Receiver 

Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  The  75A  receiver  is  not  a 
general  communications  receiver, 
having  been  designed  for  amateur 
band  coverage  from  80  to  10  meters. 
The  straight-line  tuning  dial  is  cali- 


are  sturdily  built  for  the  hard  usage  of 
industrial  service.  Have  plug  type  tips 
and  are  constructed  on  the  unit  system 
with  each  vital  part,  such  as  heating  ele¬ 
ment,  easily  removable  and  replaceable. 
In  5  sizes,  from  50  watts  to  550  watts. 


brated  directly  in  frequency.  Cir- 
cuitwise,  the  receiver  includes  a 
crystal  filter,  double  conversion  and 
self-contained  power  supply.  It  is 
completely  described  in  a  four  page 
bulletin. 


Far  dMcrfstfve  Iktratun  wrkm 


111-1 


Improved  B  Battery 

National  Carbon  Co.,  30  E.  42nd 
St.,  New  York  17,  N.  Y.  New  45- 
volt  B  batteries  for  use  with  elec¬ 
tronic  communications  and  indus¬ 
trial  equipment  are  now  available 
in  smaller  physical  size.  The  new 
Mini-Max  type  battery  displaces 
only  76.6  cubic  inches  as  compared 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  2,  MICH.,  U.  S.  A. 
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SIGMUND  COHN  V  CO, 


SINCE 


TEMPERATURE 
REGULATING  STAND 


This  is  a  thermostatically  controlled  de¬ 
vice  for  the  regulation  of  the  tempera¬ 
ture  of  an  electric  soldering  iron.  When 
placed  on  and  connected  to  this  stand, 
iron  may  be  maintained  at  working  tem¬ 
perature  or  through  adjustment  on  bottom 
of  stand  at  low  or  warm  temperatures. 


I 


’’^'"'noTon 


THE  MODERN  NAMEPLATE 
USED  ON  THOUSANDS  OF  PRODUCTS 


Meycrcord  Decalcomania  is  a  durable,  flexible  material  that  can  be  quickly 
applied  to  practically  any  commercial  surface  ...  at  production  line  speeds.  No 
rivets  or  screws.  No  sharp  corners  or  edges.  Simple,  easy-to-use  methods  assure 
smooth,  legible,  lasting  adhesion. 

Nameplates,  trademarks,  operating  instructions,  lubrication  guides,  patent  data 
and  scores  of  other  nomenclature  can  be  reproduced  in  any  number  of  colors, 
sizes  or  designs.  Meyercord  Decals  are  washable,  resistant  to  acids,  moisture, 
abrasion,  vibration  and  hard  use.  They  can  be  applied  to  concave,  convex  or  flat 
surfaces  with  equal  success. 

Investigate  Meyercord  Decals,  the  modern  stream-lined  method  of  product 
identification  used  by  manufacturers  to  save  time  and  material  cost. 

S«n</  for  from  MEYERCORD  DECAL  SELECTOR.  Tolls  how  and 
whoro  to  uso  Docals.  Firm  lottorhoads,  ploaso.  Addross  Dopt.  9-12 
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D.  W.  ONAN  &  SONS 

3558  Royalston  Ave.  Minneapolis  5,  Mina. 


FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 


ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economicxil  electrical  service 
for  electronics  and  television  applications  as 
well  os  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  are  of  single-unit,  compact  design 
and  sturdy  construction.  Suitable 
for  mobile,  stationary  or  emer¬ 
gency  service. 


Capacity  ranqe:  350  to  35.000 
watts;  115  to  680  volts  A.C., 
50  to  800  cyelos:  6  to  500 
volts  D.C.:  combination  A.C. 
D.C.  typos. 


NEW  PRODUCTS 
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with  179  for  the  older  type  and 
weighs  4  pounds  4  ounces  as  com¬ 
pared  with  over  8  pounds.  Power 
capability  and  life  of  the  new  bat¬ 
tery  are  the  same  as  with  the  larger 
type. 


Mod<*i  shown  is  from  W2C 
senes.  7000  to  3500  watts, 
powered  by  Onon  two-cyf- 
mdef  water-cooled  engine 


Miniature  Rectifier 


Radio  Receptor  Co.,  Inc.,  251  West 
19th  St.,  New  York  11,  N.  Y.  A 
new  miniature  five-plate  selenium 
rectifier,  type  5M1,  has  been  de¬ 
signed  to  replace  rectifier  tubes  in 
a-c/d-c  portable  radio  receivers. 
The  rectifier  is  u.sed  with  a  series 


We  can  venture  into  the  UNKNOWN  in  any 
branch  of  research  only  as  fast  as  we  can 
measure.  New  Hathaway  instruments  are  being 
developed  and  standard  designs  are  being  con¬ 
stantly  improved  to  keep  abreast  of  the  expanding 
demands  of  modern  research. 

►  ^  Whatever  may  be  your  needs 

|i  in  OSCILLOGRAPHIC  recording 
Ji  equipment,  Hathaway  has  instru- 
ments  to  meet  them.  You  can  rest 
I  assured  that  you  will  find  in  ANY 
Hathaway  instrument  the  most 
advanced  design  and  the  most 
^Wexacting  craftsmanship. 


#,Type  S8-B  ond  S8-C  Oscillographs,  12  to  3^ 
elements  for  uses  in  field  and  laboratory. 

#  Type  SI  2- A  Oscillographs,  12  elements,  where 
light-weight  and  extreme  portability  are  a  must. 

#  Type  SI 4- A  Oscillograph,  6  to  12  elements.  Com¬ 
plete,  low  cost  Student’s  oscillograph. 

A  Golvonometers  of  advanced  design,  recording  to 
5  and  10  kilocycles. 

Write  for  technicol  bulletins.  Hathaway  Instrument 

Co.,  1315  S.  Clorkson  St.',  Denver  10,  Colorado. 


25-ohm  resistor  and  a  40-/xf  capaci¬ 
tor.  Maximum  current  is  100  mil- 
liamperes  up  to  35  C  for  input  and 
output  voltages  of  130  volts. 


MODERN  RESEARCH 


Television  Kit 


Transvision,  Inc.,  144  Union  Ave., 
New  Rochelle,  N.  Y.  Reminiscent 
of  the  early  days  of  shortwave  re¬ 
ception  is  the  type  of  package  of¬ 
fered  for  the  television  novice.  A 
complete  17-tube  television  receiver 
with  a  7-inch  picture  tube  is  offered 
in  kit  form.  A  bare  minimum  of 
tools  is  needed,  but  no  testing 
equipment  is  required,  since  all  dif- 


i 


NUW!  Progressive  railroads  ran  offer  the  trav'eling  public 
the  same  high  quality  of  music  and  entertainment  enjoyed 
in  their  passengers’  own  homes.  With  this  new  serv  ice,  railroads 
can  pave  the  way  to  greatly  increased  passenger  train  luxury  and  revenue. 


In  offering  the  first  practical  ele<'tronic  program  distribution 
system,  Farnsworth  has  met  the  three  basic  requirements 
which  railroad-conducted  studies  have  shown  necessary  to  high- 
quality  rail-borne  entertainment:  (1)  uniform,  low-level 
sound  distribution;  (2)  automatic  compensation  for  varying  ambient 
noise  levels;  (3)  programs  that  passengers  want  to  hear. 


In  the  de  luxe  Farnsworth  systems  four  channels  are  available 
for  individual  selection:  popular  or  luncheon  music; 
semi-classical  or  dinner  music;  radio  programs;  train 
announcements  and  travel  talks.  Also  available  are 
more  simplified  single-  or  dual-channel  svstems. 


Now!  Farnsworth  brings 
top-quality  music  and 
radio  entertainment  to 
modern  passenger  trains! 


All  Farnsworth  systems  are  simple  to  install;  operate  automatically 
and  unattended.  Unitized  construction  permits  instantaneous 
replacement  of  units  without  manual  disconnection  of  a  single 
wire.  Other  noteworthy  features  are:  push-button  precision  crystal 
radio  tuning  and  self-rewinding  wire  reproducing  mechanisms. 


Farnsworth  Passenger  Program  Distribution  Systems  have  been 
engineered  by  the  same  laboratories  that  gave  the  world 
its  finest  instrument  for  musical  reproduction  —  The  Capehart. 


Farnsworth  Television  &  Radio  Corp.,  Dept.  E-12,  Fort  Wayne  1,  Indiana, 


Aircraft  Radio  Equipment  •  Farnsworth  Television  Tubes  •  Halstead  Mobile  Communi- 
The  Farnsworth  Phonograph-Radio  •  The  Capehart  •  The  Panamuse  by  Capehart 


Farnsworth  Radio  and  Television  Receivers  and  Transmitters 
cations  and  Traffic  Control  Systems  for  Roil  and  Highway 
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Presto  Model  K8  Recorder 


A  portable  unit  for  Instontoneo’ik  recordiny,  public 
oddreu  and  record  playing.  Records  15  minutes 
continuous  on  a  13*4"  disc  at  33V3  r.p.m.  Makes 
6,  8,  10  and  12  inch  records  from  mike  or  radio 
set  input.  Seporote  recording  and  playback  heads, 
built-in  amplifier  and  speaker.  Compact  and  light 
for  carrying.  Plug  into  any  llO-volt,  60  cycle 
AC  line.  Mike,  needies  and  discs  not  included. 

$297.00 


Presto_Recording  Amplifiers, 


Three  models  of  the  Type  85  Amplifier  are  avail, 
able.  The  85  is  a  high  quality  recording  amplifier 
with  ample  reserve  power  supply  to  operate 
Presto  radio,  tuners  and  pre-amplifiers.  It  has  a 
gain  of  90  db.  with  a  frequency  response  flat 
from  30  to  15,000  cycles.  The  power  output  is 
10  watts  and  both  output  and  input  impedances 
ore  500  ohms. 

^  master  selector  switch  provides  switching  for 
public  oddress,*  microphone  recording,  playback, 
radio  recording  and  radio  playing  and  switches 
to  either  of  two  tables  for  continuous  recording. 
85-A  portable  model  contains  an  8"  monitor  loud 
speoker  and  panel  connections  for  two  turntables, 

pre-amplifier  ond  radio  tuner . $272.00 

85-8  is  for  rack,  mounting  and  connections  are 
brought  out  to  a  terminal  strip  at  the  rear  of 

the  chassis . $272.00 

85-E  Is  portable  and  identical  with  the  85-A 
except  that  It  has  a  manually  operated  high  fre¬ 
quency  equalizer  for  33’/]  r.p.m.  recording. 

$3S7.00 

NOTE;  All  prices  quoted  are  NET,  FOB  New  York 
and  subject  to  change  without  notice. 

Harvey  U  on  AwHsoriiad  Fraste  Doaler 
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ficult  assemblies  are  prewired  and 
tuned.  Front  panel  and  chassis 
with  safety  interlock,  are  supplied. 
A  dipole  antenna,  60  feet  of  lead-in 
cable,  and  a  wooden  mast  are  also 
included.  Arranged  for  assembly 
by  nontechnical  television  enthusi¬ 
asts,  the  kit  sells  for  $139.50,  f.o.b. 
New  Rochelle. 


Metallized  Capacitor 

Solar  Mfg.  Co.,  285  Madison  Ave., 
New  York  17,  N.  Y.  Solite  paper 
capacitors  are  a  new  development 
using  an  aluminum  film  of  negli¬ 
gible  thickness  deposited  directly 
on  the  dielectric.  Because  of  the 
self-healing  characteristics  which 


guard  against  permanent  short  cir¬ 
cuit  after  breakdown,  the  capaci¬ 
tors  can  operate  at  higher  voltages. 
The  new  capacitors  are  physically 
small,  have  long  life,  low  power  fac¬ 
tor,  excellent  r-f  characteristics  and 
are  interchangeable  with  present 
standard  capacitors  when  they  are 
operated  within  published  ratings. 


Power  Amplifier 

James  Millen  Mpg.  Co.,  Inc.,  Mal¬ 
den,  Mass.  A  packaged  r-f  power 
amplifier  unit  for  use  with  amateur 
or  other  high-frequency  equipment, 
the  No.  90881  amplifier  is  wired  for 
a  pair  of  type  812  tubes,  and  con¬ 
tains  grid  and  plate  tank  circuits 
as  well  as  controls  and  meters. 
Plug-in  inductors  for  the  amateur 


I  Hex-socket  screws 
!  in  numbered  sizes 

extra -dependable 

for  electronic  devices 

Tiny  hex-socket  Cap  Screws  and  Set 
Screws  steeled  to  stand  amazingly  tight 
set-ups.  Cap  Screws  in  the  numbered 
sizes  from  1  to  10  inclusive;  Set  Screws 
from  No.  2  to  10. 

The  Cap  Screws  are  Allen  **pressur- 
formd”  for  maximum  strength  of  head 
and  socket.  This  process  makes  the 
steel -fibres  conform  to  the  shape  of  the 
head,  —  no  cut  fibres.  Threads  also 
formed  by  pressure-process  to  a  high 
Class  3  fit,  ensuring  a  high  degree  of 
frictional  holding -power. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 

Order  of  your  local  Industrial  Distributer 


THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN.,  U.  S.  A. 
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nxxim  SHAFTS 


QUIREMENTS 


'/ 

'*V  '■•■'^'^'^  2  '  •-.  V-"  ■ 


•;  ;.  '  S.S.Whife  flexible  shafts  are  spe- 

'  cifically  designed  for  sensitive  tun- 

ing.  They  are  designed  and  built 
to  give  minimum  deflection  when 
the  shaft  is  turned  in  either  direction.  And  through  the  use  of 
simple  gearing,  practically  any  degree  of  sensitivity  can  be  ob¬ 
tained  regardless  of  length  of  shaft  required. 


/4fH€niceu  A  AAA  ^tuUutuai 
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f/ex/6/e  shotting  In 
this  dlothormy  unit 
irantmift  smooth 
sonsifir*  control 
bttwoon  a  rarlablo 
circuit  olomont  end 
Its  control  knob. 


Hundreds  of  applications  have  proved  that,  when  properly 
applied,  S.S.White  flexible  shafts  work  as  smoothly  and  sensitively 
as  a  direct  connection.  Striking  testimonial  to  this  Is  given  by  the 
chief  engineer  of  a  large  electrical  equipment  manufacturer  who 
says  an  S.S.White  remote  control  flexible  shaft  gives  his  product 
"a  smooth  range  of  speed  control  with  facility  of  adjustment 
equal  to  that  of  a  micrometer." 


iiwHin 


THE  $.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


.DIPT.  I.  10  PAST  40*h  ST.,  NtW  YORK  16.  N.  Y,. 

PilXftll  SNAnS  •  niXIDli  SNAH  toots  •  AlUCKAtt  ACCISSOIIiS 
SMAU  CUniNO  ANO  OtlNOINO  tOOiS  *  SflCIAt  tOIMUlA  KUttiKS 
MOIMD  Msmots  •  nASnC  STKIAItm  *  CONttAO  ftASTlCS  MOIMNO 


In  this  Airplane 
Radio  Racalrar  up 
to  50  taat  ot  ties- 
Ibla  shotting  has 
been  used  In  con¬ 
junction  with  gear¬ 
ing  to  obttdn  ex¬ 
tremely  tine  adjust- 
ntents. 


There  is  a  large  selection  of  S.S.White  flexible  shafts  available 
to  meet  a  wide  variety  of  requirements.  Electronic  engineers  will 
find  it  worthwhile  to  know  their  range  and  scope. 


WRITE  FOR  BULLETIN  4501— It  gives  essential  facts  and 
engineering  data  about  flexible  shafts  and  their  application.  Write 
for  your  copy  today. 
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P  1  S  I  6,M 


This  new,  basic  Model  "M*  ACRO 
Switch  is  the  ultimate  in  compact* 
ness,  with  overall  dimensions 
onlylH'’x53^^^''x9^".Four!?^'' 
mounting  holes.  Built  with 
^  ACRO's  patented  Beryllium  Rolling 

Spring  and  used  by  scores  of  the 
nation's  leading  manufacturers  of 
With  A*18  electrical  products.  Approved  by 

leaf  bracket  Underwriters'  Laboratories.  Rating: 

10  amps.  125  volts  A.  C.  Contact 
^1^  arrangements,  single  pole,  normally 

open,  normally  closed  or  double 
throw.  Furnished  with  standard  leaf 
bracket  actuators  as  illustrated  or 
made  to  special  design.  For  quicker 
A'lB'M  ''epiy  on  special  actuators  or  char- 

roller  leaf  acteristics  please  give  full  engineer- 

bracket  jpg  defoji,. 


With 
A-1B-M 
roller  leaf 
bracket 


bands  from  10  to  80  meters  are 
furnished.  The  assembly  is 
mounted  on  a  lOi-inch  relay  rack 
panel. 


Dynamic  Tube  Tester 


Triplett  Electrical  Instrument 
Co.,  Bluffton,  Ohio.  The  new  model 
2425  mutual  conductance  tube 
tester  uses  a  calibrated  measuring 
instrument  that  gives  readings 
directly  proportional  to  the  value  in 


I'k,  FINEST  MICROPHONES 

/t„p.  A.-., /recording/ 


AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 

ACOUSTIC 

COMPENSATOR 


AMPERITE  KONTAK  MIKES 
IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 
AND  WITH  RADIO  SETS. 

ASK  YOUR  JOBBER  .  .  .  WRITE  FOR  FOLDER 


AMPERm 


/Jew  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


\AHPIR\TI\ 


micromhos.  Short,  open,  and  gas 
tests  can  also  be  made.  The  instru¬ 
ment  is  contained  in  a  metal  carry¬ 
ing  case  10x10x51  inches. 


Regulated  Power  Supply 

Furst  Electronics,  800  W.  North 
Ave.,  Chicago  22,  Ill.  The  model 
310-A  regulated  power  supply  is 
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When  men  in  Eleetronies 
talk  of  Tnbing.««  ^ 


and,  of  eonrse  Nickel  tnbing 


^^ATHO0t«SMf  f¥ 
Sf^SaFtCATIOm  IN  ^ 


Other  Industries  too  have  come  to  know  about  Nickel 
and  Superior  now  supplies  this  extraordinary  metal 
day  in  and  day  out 


Ask  Superior  Tube  Company  for 
information  on  Seamless  and 
Weldrawn*  Nickel 


SUPERIOR  TUBE  COMPANY 
ELECTRONICS  DIVISION 

fast  Office  Drawer  191  •  Norristewn*  Pa* 
Norristown  2070 
T.l.ph.*..  c,ll,g.»lll,  3711 


EXPORT  DEPT. 

13  E.  40th  St.,  New  York  16,  N.  Y. 
Coble  Addre**  ARLAB 


•TnUt  Marked  U.$.  Patents 
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16  ««/^WICH 


arranged  for  testing  a-c/d-c  equip¬ 
ment  and  gives  continuously  vari¬ 
able  voltage  from  the  a-c  power  line 
directly,  or  through  a  rectifier  that 
maintains  voltage  constant  within 
1  percent  regardless  of  line  or  load 
variations.  An  a-c  voltage  of  1 
ampere  and  d-c  output  up  to  450 
milliamperes  are  available.  The 
model  310-B  equipment  does  not  in¬ 
clude  a-c  controls  or  meter.  Price 
of  the  310-A  unit  is  $330. 


N0.73*1 


No.aoft, 


Frequency  Meter 

Browning  Laboratorif:s,  Inc.,  742 
Main  St.,  Winchester,  Mass.  The 
model  S-6  frequency  meter  covers 
the  range  from  100  kilocycles  to  50 


Jewel  Assembly 


No  mailer  whal  lype  or  size  of  Jewel 
Lighl  Assembly  you  need,  chances 
are  we  can  produce  it  for  you  quickly, 
more  salisfaclorily,  and  at  lower 
cost!  Here,  every  facility  is  avail¬ 
able  for  high  speed  quantity  produc¬ 
tion  .  .  .  speedy,  efficient,  economical 
service.  Drake  patented  features  add 
greatly  to  the  value  and  dependa¬ 
bility  of  our  products. 

You'll  like  the  friendly,  intelligent 
cooperation  of  our  engineers.  Let 
them  help  you  with  signals  or  illu¬ 
mination  problems.  Suggestions, 
sketches,  cost  estimates  or  asking 
for  our  newest  catalog  incur  no 
obligation. 


Electrical  papers  are  differ¬ 
ent!  That  it  why  it  pays  to 
consult  with  specialists  in 
determining  the  most  efRci- 
ent  paper  for  a  particular 
purpose.  Our  research  de¬ 
partment,  specialists  in  Elec¬ 
trical  Paper  applications, 
will  be  glad  to  analyze  your 
requirements  and  recommend 
papers  of  correct  properties. 


megacycles  with  an  accuracy  of 
plus  or  minus  0.026  percent.  An 
internal  crystal  calibrator  provide.s 
long-time  accuracy.  The  equipment, 
operated  from  socket  power,  weighs 
15  pounds. 


Variable  Equalizer 

Burnell  &  Co.,  10  Van  Cortlandt 
Ave.,  New  York  58,  N.  Y.  A  new 


Contains  data 
on  Electrical 
Paper  proper¬ 
ties  and  a 
wide  variety 
of  samples. 


CENTRAL  PAPER  COMPANY 

fNcoepoeAfEO 
2442LAKESHORE  DRIVE,  MUSKEGOM,  MICH 

omces  iM: 

SOSTON,  NEW  YSRK.  SALTIMORC.  SUFFALO.  CUVEUNb, 
CINCINNATI.  DaitOIT.  CHKACO.  STXOUIS.  SAN  FRANCISCO 
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oscillation  well  over  100  mega¬ 
cycles. 

“Although  only  a  minor  im¬ 
provement  in  conversion  trans¬ 
conductance  is  designed  into  the 
BE6’s,  they  tolerate  wider  varia¬ 
tions  in  both  oscillator  and  R.  F. 
circuit  designs  and  still  come  up 
with  top  performance.  They 
maintain  the  typical  negative  in¬ 
put  impedance  of  the  pentagrid 
construction  so  useful  at  moder¬ 
ately  high  frequencies.  Coupling 
between  signal  and  oscillator 
grids  is  just  as  easy  to  neutralize. 

“As  modulators  the  BE6’s  are 
on  their  ‘home  grounds,’  for 
either  single,  balanced,  or  reac¬ 
tance  modulation  circuits. 

As  mixers,  with  separate 
excitation,  their  high 
frequency  performance  . 

is  excellent.  The  two 


control  grids  in  one  structure 
give  you  a  lot  of  other  circuit 
variations.  As  low  level  audio 
amplifiers,  it  is  feasible  through 
use  of  the  ‘re-entrant’  type  of  cir¬ 
cuit  to  get  higher  gains  than  you 
usually  get  with  one  tube. 

“Sure,  TUNG-SOL  has  a  corps 
of  service  engineers.  They  will 
be  glad  to  tell  you  how  you  can 
get  better  results  with  the  BE6’s 
...consultation  with  them 
is  always  confidential 
.  .  .  yes.  Junior,  we 
know  they  are  your 
trains— we’ll  have 
them  running  in 
a  minute  but . . .’’ 


. .  we’ll  get  your  trains  running. 
Junior,  but  I  want  to  tell  Uncle 
John  why  the  pentagrid  tube  is 
used  in  more  than  90%  of  all  re¬ 
ceivers  . .  .  it’s  because  the  super¬ 
heterodyne  circuit  outperforms 
all  others,  you  know,  and  the 
pentagrids  give  you  ‘sure-fire’ 
frequency  conversion. 

“And  they  are  better,  too.  You 
know,  the  failure  of  the  oscillator 
will  gum  up  the  work  of  a  con¬ 
verter.  Well,  these  TUNG-SOL 
BE6’s  are  designed  with  60% 
greater  oscillator  capability  than 
big  tubes.  Furthermore,  lower 
interelectrode  capacitance,  and 
shorter  lead  lengths  permit  stable 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Class  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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YOU  ARE  IN  DOUBT  ABOUT 
THE  RIGHT  PART  TO  USE  ..  . 


t  ■ 


0 


i  HtM*  »n»»®  * 


.■'Si 


We  suggest  that  you  utilize  the  BUD 
catalog  to  remove  these  doubts.  A 
complete  line  of  scientifically  designed 
radio  components  is  available  for 
your  use. 

See  them  at  your  distributors. 

These  flexible 
shafts  simplify  ^ 
panel  control 

problems.  Both  y — . 

lengths  are  re-  i 

markably  free  5lg 

from  backlash  and  —  — • 

will  turn  at  any  -  Flexible  Shaft 
angle  up  to  90  .  Couplings 

A  precision-built 
gear  driven  dial 
designed  for  use 
o  n  electron-cou- 
p  1  e  d  oscillators, 
frequency  meters, 
receivers  and 
other  instruments 
where  extreme  ac¬ 
curacy  of  calibra¬ 
tion  is  necessary  „  , 

1729  Vernier  Disl 


This  heavy  duty 
R.F.  transmitting 
choke  is  especially 
intended  for  use 
in  high  powered 
transmitter  plate 
circuits.  All  chokes 
are  coated  with  a 
moisture  absorb- 
t  i  o  n  preventing 
ceramic  coating. 
Momentary  over¬ 
load  may  be  with¬ 
stood  without  col¬ 
lapsing  individual 
pies. 


lUD  PRODUCTS  ARE  BACKED  BY  18 
YEARS  OF  DEPENDABLE  SERVICE  AND 
HAVE  PROVED.  IN  USE,  THAT  THEY  ARE 
BUILT  TO  'TAKE  IT." 


Vernier  Dial 


Transmitting 

Choke 


BUD^RADIO,  INC. 

CLEVELAND  8,  OHIO 


NEW  PRODUCTS  (continued) 

type  of  equalizer  for  use  in  broad¬ 
cast  and  sound  work  has  been  de¬ 
signed  so  that  a  given  curve  of 
equalization  can  be  pre.set  by  an 
external  variable  resistor.  The 
units  have  operating  impedances 
of  500  or  10,000  ohms.  Low  end 
of  the  equalizer  operates  between 
30  to  120  cycles,  with  5  to  15  kilo¬ 
cycles  at  the  high  end. 


Mercury  Switch 

Mercontrol  Inc.,  278  Pearl  St., 
New  York  7,  N.  Y.  The  type  D-lOO 
all-metal  mercury  switch  has  a 
continuous  current  rating  of  100 
amperes  at  110  or  220  volts,  a-c  or 
d-c.  The  metal  enclosure  is  hermet¬ 


ically  sealed  to  the  ceramic  insula¬ 
tion  so  that  the  switch  can  be  used 
with  safety  in  atmospheres  where 
switch  sparking  is  a  hazard. 


Precision  Bearings 

Miniature  Precision  Bearings, 
Inc.,  Keene,  N.  H.  Angular  con¬ 
tact  bearings  that  can  be  used  to 
take  a  radial  or  thrust  load  are 
available  in  small  sizes  suitable  for 
small  motors,  computers,  or  elec¬ 
tronic  equipment.  Other  types  of 
superlight  bearings  with  bore  as 
small  as  I  inch  are  also  immediately 
procurable. 


CONTACTS 


in  BRUSHES 

for  high  current  density  •  mini¬ 
mum  wear  •  low  contact  dropo 
low  electrical  noise  •  self-lubri¬ 
cation 

in  CONTACTS 

for  low  resistance  •  non-weiding 
character 

GRAPHALLOY  works  whoro  othors  wen'H 
Specify  GRAPHALLOY  with  confidonco. 

*A  tpociol  tilvof'imprognolod  graphite 


Remote  Control 

G.  C.  Wilson  &  Co.,  2  North  Pas¬ 
saic  Ave.,  Chatham,  N.  J.  A  new 
servo  for  remote  indication  or  con- 


ll  ft  ■  mil 

•rr  ssrnri 

■  liKAt'Hllt  mti/ 

1  COilPORAT 

1  1055  KEPPERHAN  AVENUE.  TONKI 

\LLIZING 

ION 

ERS  3,  NEW  YORK 
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At  your  service ...  at  Magnavox 


All  the  facilities  off  modern 
radio  science  and  engineering 


OIX  acres  of  modern  plant  and  equipment,  our  staff  of 
^  trained  engineers  and  designers,  plus  35  years  of  experi¬ 
ence,  research  and  development — all  are  at  your  command 
for  producing  the  finest  loud-speakers,  capacitors  and  other 
component  parts. 

Magnavox  quality  and  performance  are  long  established 
as  the  highest  standard  in  radio.  The  oldest  and  largest  man¬ 
ufacturer  of  loud-speakers,  Magnavox  has  achieved  a  breadth 
of  experience  and  knowledge  so  complete,  so  accurate,  that 
your  specifications  are  met  exactly. 

Magnavox  designers  and  engineers  stand  ready  to  apply 
their  developments  to  any  of  your  component  problems. 
When  you  need  component  parts,  specify  Magnavox — special¬ 
ists  in  quantity  produaion  of  quality  components  for  the 
manufacturing  trade.  The  Magnavox  Company,  Components 
Division,  Fort  Wayne  4,  Indiana. 


In  llw  Magnavox  Spoakor  laboratory— a// 

th<  apparatus  nttdtd  for  tbt  dtvtlopmtnt 
and  production  of  quality  loud-sptaktrs. 


has  served  the  radio  fF  industry  for  over  30  years 


DYNAMIC  SPEAKERS 
—  over  160  mod«U 


electronics  —  December,  1946 


I 


NEW  PRODUCTS 


(continued) 


Western  Electric 
10  KW  FM  Transmitter 

j4n  Outstanding  Feature — full  tube  visibility.  You  get  it  in 
ail  tbe  FM  transmitters  in  Western  Electric’s  new  line. 

^  on  also  get  many  other  important  features  you  want, 
such  as  unexcelled  performance... large,  easy-to>read  meters 
...  access  to  components. . .  and  striking,  modern  appearance 
with  prominent  display  of  your  station  call  letters. 

For  details,  write  Graybar  Electric  Go.,  420  l^xinatoii 
Ave.,  New  York  17,  N.  Y.,  or 


trol  comprises  the  torque  unit, 
amplifier,  and  control  unit  illus 
trated.  The  torque  unit  shaf^ 
responds  to  the  position  set  by  the 
control  unit  to  an  accuracy  of  1 
percent.  One  ounce-inch  of  opera¬ 
tional  torque  results  in  50  pound- 
feet  of  output  torque. 


ASK  YOUR  LOCAL  GrayBaR  Tetrode 


BROADCAST  REPRESENTATIVE 


IN'RISXO 

ESISTOB 

Close  tolerance  units  for 
precision  performance 

IN-RES-CO  resistors  are  engineered  to  meet  all  im* 
portant  electronic  application  needs.  They  are  wire 
wound  for  permanent,  exact  resistance  value  and 
both  inductive  and  non-inductive  types  are  standard. 
Standard  tolerances  are  1  and  2 %— closer  toler¬ 
ances  on  special  order.  Rigid  quality  control  assures 
a  uniform  standard  of  excellence  and  modem  manu¬ 
facturing  facilities  result  in  low  unit  cost  and  prompt 
delivery.  Manufacturers  of  electrical  and  electronic 
instruments  and  equipment  should  investigate  the 
advantages  of  designating  IN-RES-CO  as  their  ex¬ 
clusive  wire  wound  resistor  source. 


TYPES  RN  AND  SN  Tropi-prut  rnittort— 
RN:  3/4*  long  x  5/8*  dio..  Max.  Rot 
1/2  Mogohm.  1/2  wait;  SN:  1-3/16' 
long  X  5/8*  dio..  Max.  Rot.  1  AAogohm, 
1  wott 


INSTRUMENT 
RESISTORS  COo 

1036  COMMERCE  AYE.  UNION.  N.  J. 


United  Electronics  Co.,  42  Spring 
St.,  Newark  2,  N.  J.  The  type  5562 
graphite-anode  beam  tetrode  can 
be  used  with  full  power  output  up 
to  120  megacycles.  It  has  a  thori- 
ated  tungsten  filament  operating  at 
6.3  volts.  As  a  class  C  telegraph 
power  amplifier  or  oscillator  in 
typical  operation,  it  uses  1,500  volts 
on  the  plate,  can  be  driven  with  less 
than  4  watts,  and  has  a  power  out¬ 
put  of  135  watts. 


Blocking  Capacitors 

General  Electric  Co.,  Schenec¬ 
tady  5,  N.  Y.  New  Lectrofilm 
capacitors  in  case  styles  65  and  70 


have  been  announced  for  radio- 
frequency  blocking  and  bypass  use. 
In  the  case  65  style  four  ratings 
from  0.0001  microfarad  at  3,000 
volts  d-c  are  available.  The  case 
70  styles  have  high  voltage  ratings. 
These  capacitors  are  described  in 
bulletin  GEA  4295A. 


T  .ilAratiirA 

Cables  and  Connectors.  American 
Phenolic  Corp.,  Chicago  50,  Ill.  A 
12-page  bulletin  describes  various 
sorts  of  transmission  line  and  cable 
as  well  as  cable  fittings  and  con¬ 
nectors  particularly  useful  at  high 
radio  frequencies.  A  separate 
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IT 

COMES 

TO 

WIRING 


DO  YOU 


Permanently  Insulated 
Wiring  Insures  Your 
Product’s  Performance 


Atbvttos  Insulatad  L«ad  Wlr« 

11<‘iitprtH>f  ami  flauie-ri'Nislaiit,  ilii.s  wire  will 
iKit  iMikelirittleitriTm'k:  vtiiii'l  rot,  Nwell  ur  How 
wlieii  in  i-ttnlmi  with  oil  or  Kivuse,  ami  has 
ample  uiolsliire  resislam-e  for  most  appla-a- 
tiuns.  SiM^  to  4  A\V(i  with  si>li<l  or  stramle<l 
<'opper  mom-l  or  nirkel  (simhietors  insiilateil 
wit  n  black,  white  or  (s>lore<l  impref(iiate<l  uslies- 
to8.  Brakl-covere*!  alsii. 


Rockbvstos  tir*wall  Hookup  Wiro 

For  radio,  television,  calciilators,  anipliliers  or 
small  motor,  coil,  (Ivnamotor  ami  transformer 
leads.  Insulated  with  high  dielectric  tapes  and 
impregnated  felted  asbestos,  and  coyer^  with 
color -<'«Mled  lacsjuered  glass  braid,  this  wire  has 
a  maxiniiini  operating  temm-ral lire  of 
No.  H  to  4  A\N(i  in  IU(Ht  volt  and  l'{,  14  and  Itt 
ill  :MNIU  volt  rating.  Also  in  shiekled  wnslruc- 
t  inns. 

Thf  larje  enblf  i»  Rnckbr»tu$  .4, 1’.r'.  Motor  l.rad 
Cable,  Matlein  nitre  IS  .411  (lUtlJSHi  Ml  M  it 
hot  a  ptaximum  uperaiiut  (empeniturr  oj  JM°F. 
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Mhiiv  tiiHtitifaflttrers  have  hail  “pretty  pinnl  hiek"  with  onihiary  wires, 
hut  ill  iiiost  .sueh  eases  the  tiaiiies  i)f  their  priHluets  are  nut  tot)  iiiijHirtaiit 
in  the  iiiiiuls  of  tHinsuniers. 

'The  ptHKls-huiigry  buyer  takes  a  eliattee  on  getting  "as  ailvertisetl”  per¬ 
formance  from  the  proiluct  he  buys,  and  the  sell-or-bust  maker  hopes  that 
he  will.  Manufacturers  of  honor-brandetl  products,  on  the  other  hand, 
cannot  afford  to  take  thi.s  chance. 

They  must  choose  their  wire  carefully  —  he  rertaiii  that  it  will  not  bake 
out,  crack  or  How  under  high  o|>erating  or  ambient  temjieratnres  —  that 
it  will  resist  oil,  grease,  oxidation,  fumes  and  moisture  —  that  it  is  built 
to  last  for  the  life  of  the  pnaluct. 

The  choii'e  of  manufacturers  who  are  buihling  for  the  future  is  UiH*k- 
liestos  —  the  wire  that  is  permanently  in.sniateil  with  impregnated  felted 
asliestos.  .\nd  there  are  Ho  different  stanilard  constructions  to  meet 
almost  every  electrical  manufacturing  requirement. 

For  information,  recommendations  or  assistance  in  your  wiring  prol)- 
Icms  write  to: 

ROCKBESTOS  PRODUCTS  CORPORATION 

442  Nicoli  St.,  New  Haven  4,  Conn. 

ROCKBESTOS 

The  Wire  with  Permanent  Insulation 

NFW  YORK  m'i  r\iO  CLEVELAND  t  HI(  AOO 
PITISBURGH  ST.  LOUIS  LOS  ANGELES  SAN  FRANCISC;0 
DETROIT  SEATILE  PORTLAND.  ORE 


cuit  conception  and  devel¬ 
opment  now  possible  with 
Victoreen  sub-miniature 
electrometer  vacuum  tubes. 


Consider  these  factors  for 
research  .  .  .  laboratory  .  .  . 
production : 

1.  Low  filamont  drain  10  milliomporcs. 

2.  High  input  resistoncu  10 IS  ohms. 

3.  Vorsatility  in  instrumentation  for 
chemical,  oil,  nuclear  physics 
research,  etc. 

4.  Ideal  for  electrometer  applications. 

5.  Extreme  portability — low  battery 
drain. 

Availabim  As 
DIODES 
TRIODES 
TETRODES 
PENTODES 


Actual  size 


Victoreen  hi-megohm  resis¬ 
tors  are  specially  designed 
for  the  hard  applications 
where  stability  with  long  life 
is  required.  Designed  for  lab¬ 
oratory  use  and  fine  instru¬ 
mentation.  Vacuum  sealed  in 
glass  to  cover  a  range  of 
100  to  10,000,000  megohms. 

Write  for  technical  data  book¬ 
let  on  tubes  and  resistors. 


THE  VICTOREEN  INSTRUMENT  CO. 


3B00  PERKINS  AVENUE 
CLEVELAND  14,  OHIO 


NEW  PRODUCTS  (continued) 

leaflet  covers  the  new  passenger 
car  antenna. 

Insulator  Properties.  American 
Lava  Corp.,  Chattanooga  5,  Tenn. 
Bulletin  245  describes  AlSiMag 
electronic  tube  insulators  and  in¬ 
cludes  a  table  of  mechanical  and 
electrical  properties  of  Steatite, 
Alumina,  and  Lava. 

Oil  Capacitors.  The  Capacitron 
Co.,  849  North  Kedzie  Ave.,  Chi¬ 
cago  51,  Ill.  Type  EC,  CC,  and  BC 
oil-filled  capacitors  are  high-voltage, 
high-capacitance  units  for  power 
supply  filtering  and  similar  use. 
They  are  described  in  Bulletins  104 
and  105. 

I  Laboratory  Apparatus.  Boonton 
Radio  Corp.,  Boonton,  N.  J.  Catalog 
D  contains  information  on  Q 
meters,  QX  checkers,  generators, 
accessories,  and  parts.  A  price 
sheet  and  ordering  information  are 
included  in  the  36-page  catalog. 

Wire  Recorder.  Radiotechnic  Lab¬ 
oratory,  1328  Sherman  Ave.,  Evan¬ 
ston,  Ill.  A  two-pager  covers  their 
new  wire  recorder  complete  with 
built-in  loudspeaker,  timer,  volume 
level  indicator,  and  microphone 
with  plug  and  cord. 

Industrial  Tubes.  Westinghouse 
Electric  Corp.,  Bloomfield,  N.  J. 
Industrial  electronic  tubes  have 
been  presented  in  families  accord¬ 
ing  to  function  in  a  readable  16- 
page  pamphlet  recently  issued.  The 
treatment  of  the  subject  and  the 
display  of  information  should  prove 
helpful,  particularly  to  industrial 
engineers  who  are  not  electronics 
experts.  Ask  for  Catalog  86-020. 

Relays.  Allied  Control  Co.,  Inc., 
2  East  End  Ave.,  New  York  21, 
N.  Y.  Complete  engineering  and 
ordering  information  is  given  in 
the  14  looseleaf  pages  of  a  folder 
issued  recently  on  the  line  of  a-c 
and  d-c  relays  now  available. 

Crystal  Accessories.  Crystal  Prod¬ 
ucts  Co.,  1519  McGee  St.,  Kansas 
City,  Mo.,  has  recently  mailed  out  a 
4-page  list  of  crystals,  holders,  and 
ovei^s.  A  multiple  holder  is  fea- 


II  Coats  You  Less 
To  Pay  a 
Little  More  For 

SILLCOCKS-mUR 
PLASTIC  PARTS 


When  you  require  plastic 
parts  fabricated  to  close  tol¬ 
erances,  you  can  always  de¬ 
pend  on  Sillcocks-Miller. 

This  organization  pioneered 
in  the  precision  fabrication 
of  parts  from  plastic  sheets, 
tubes  and  rods.  Out  of  this 
long  experience,  Sillcocks- 
Miller  engineers  offer  you 
the  imderstanding,  skill  and 
facilities  to  produce  plastic 
ports  to  your  exact  require¬ 
ments  or  to  help  you  work 
out  suitable  designs. 

This  know-how  saves  you 
time,  trouble  and  money. 
That's  why  "it  costs  you  less 
to  pay  a  little  more  for 
Sillcocks-Miller  quality." 


Write  for 

Illustrated  brochure 


THE  SIllCOCKS-MIllER  CO. 


10  WmI  firkir  Avinvt,  H.  1 

Malliig  AdOntt:  South  Oriafo,  1.1. 

,7h,«h  OX""''- 

PAMICMIO  fO.  COHMi.CI.W 
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Brisfly,  h«r«'s  th*  H«lipet  principl*  . . .  whereas  a  conventional 
potentiometer  consists  of  a  single  coil  of  resistance  winding 
approximately  4"  long,  the  Helipot  has  a  potentiometer  wire 
approximately  46"*  long  coiled  helically  into  a  case  which  re¬ 
quires  no  more  panel  spcux  than  the  conventional  unit.  By 
means  of  a  simple  guide,  the  slider  contact  follows  the  helical 
path  of  the  resistance  winding  from  end  to  end  as  a  single  knob 
is  rotated.  Result . . .  almost  twelve  times  the  amount  of  control 
—  far  greater  accuracy,  finer  settings,  greater  range  —  at  no  in¬ 
crease  in  panel  space  requirements! 


Cutaway  viaw  of  tha  Halipot 


ON  PRODUCT  after  product  the  story  is  the  same 
—the  Helipot  is  revolutionizing  potentio¬ 
meter  applications,  simplifying  control  operations, 
and  even  making  possible  advanced  electronic  instru¬ 
ments  impractical  with  other  types  of  potentiometers. 
Widely  used  on  precision  electronic  instruments 
during  the  war,  the  Helipot  is  an  entirely  new  type 
of  potentiometer  which  every  electronic  manufac¬ 
turer  and  user  should  investigate. 


L«t  ut  study  your  potantiematar  applications  and  suggest  how 
the  Helipot  can  be  used  —  possibly  already  is  being  used  by 
others  in  your  industry  —  to  simplify  control  operations,  get 
greater  accuracy  and  range,  and  increase  the  utility  of  modem 
electronic  equipment.  No  obligation,  of  course.  Write  today 
outlining  your  problems. 


Ml  — 


^HIIIPOTS  ABE  AVAILABLE  IN  3  STANDARD  SIZES: 

TTRI  A-5  watts,  incorporating  10  helical  turns  and  a  slide  wire  length  of  46 
inches,  cose  diameter  1%",  is  available  with  resistance  values  from  25  ohms 
to  30,000  ohms. 

TYPI  R-IO  watts,  with  15  helical  turns  and  140"  slide  wire,  case  diameter 
3  ’A",  is  available  with  resistance  values  from  100  ohms  to  100,000  ohms. 
TTPI  C— 2  watts,  with  3  helical  turns  and  13!^"  slide  wire,  cose  diameter 
1%**,  available  in  resistances  from  5  ohms  to  10,000  ohms. 

The  Type  B  is  also  available  in  special  sizes  of  25  and  40  helical  turns,  with 
resistances  ranging  from  500  ohms  to  300,000  ohms,  and  containing  more 
then  100,000  ^ange*of>resistance  steps. 

*Data  above  ore  for  the  standard  Type  A  unit. 
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NEW  PRODUCTS 


tured  for  four  ditferent  crystals, 
any  one  of  which  can  be  selected  by 
a  rotary  switch. 


Thyratrons  and  Rectifiers.  Chat¬ 
ham  Electronics,  475  Washington 
St.,  Newark  2,  N.  J.  Data  sheets 
on  13  rectifier  and  thyratron  tubes 
are  loose-leaf  bound  into  a  paper 
cover.  Characteristics,  tube  base 
connections,  and  maximum  ratings 
are  given  for  the  industrial  elec¬ 
tronic  tubes. 


TO  HELP  YOU  WITH  YOUR 
'f; SHEET  METAL  FABRICATION 
REQUIREMENTS.^'  v  ^ 


Our  young  men  come  to  us  from  every 
walk  of  life— from  the  farm— from  the  city 
—rich  and  poor— many  ex-GI’s.  They  rep¬ 
resent  every  race  and  creed  but  they  do  have 
ONE  thing  in  common. 

They’re  all  men  OF  Radio,  hY  Radio 
and  VOR  Radio.  They’ve  grown  up  with  a 
’’cat’s  whisker”  and  a  set  of  headphones  as 
playthings.  The  only  lullabyes  they  remem- 
bc'r  are  the  ones  they  heard  over  Dad’s 
Battery  Set,  with  all  the  knobs,  dials,  and 
switches,  when  radio  it-self  was  an  infant. 

These  young  men  have  never  known  a 
world  without  radio,  and  they  never  w'ant 
to.  Radio  has  molded  their  minds,  provided 
them  with  an  absorbing  hobby  and  given 
them  the  means  of  earning  a  good  living. 

SKILLED  MEN  FOR  RADIO 

Now',  with  their  training  at  National 
Schools  behind  them,  they  are  prepared  to 
contribute  their  skill,  talent  and  creative 
ideas  to  an  industry  w'hich  is  literally  a 
part  of  them. 

We  feel  fortunate  indeed  to  have  had 
the  privilege  of  awakening  the  dormant 
abilities  of  many  men  now  holding  prom¬ 
inent  positions  in  Broadcasting,  Communi¬ 
cations,  Radio  Sales  and  Service,  Television 
and  Electronics.  And  w-e  look  forward  with 
pleasure  to  an  ever-broadening  educational 
program,  designed  to  train  still  more  men 
to  fill  the  thousands  of  specialized  positions 
radio  will  require  in  the  future. 

During  the  four  decades  since  we  first 
l^egan  to  build  men  for  Industry,  we  have 
kept  accurate  stiuicnt  records  and  compiled 
unusually  complete  performance  charts. 
Thus  we  have  acquired  a  keen  insight  into 
the  most  effective  ways  to  inspire  radio- 
mindeil  men  to  APPLS’  their  training,  and 
to  use  their  creative  abilities  to  the  best 
advantage  of  themselves  and  their  em¬ 
ployers. 

REPORT  TO  INDUSTRY-FREEf 

You’ll  be  impressed  by  our  methods  and 
observations,  as  they  apply  to  YOUR  per¬ 
sonnel  problems.  You’ll  welcome  an  op¬ 
portunity  to  learn  how  we  inspire  our  stu¬ 
dents  to  ACTION,  how  we  develop  in 
them  those  vital  traits  of  character  which 
make  them  an  asset  to  any  employer. 

We  know  you’ll  want  to  send  for  our 
Ref)ort  to  Industry.”  Whether  you  em¬ 
ploy  one  man  or  hundreds,  you  will  en¬ 
joy  and  profit  by  this  factual,  informative 
presentation. 

Send  for  it  today!  No  obligation. 

NATIONAL  SCHOOLS 

Pioneers  of  Technical  Trade  Training  Since  190S 
Los  Angeles  37,  California 

Ma/l  to:  PUBLIC  RELATIONS  DIRECTOR 

National  Schools— Figueroa  at  Santa  Barbara 

Los  Angeles  37,  California 

Please  send  me  ’’Report  to  Industry” 

G-ia 

Name: _ ...  _ 


Crystals.  Reeves-Hoffman  Corp., 
215  East  91st  St.,  New  York  28, 
N.  Y.  Various  crystal  units  are 
pictured  in  a  4-page  leaflet.  Among 
the  more  unusual  items  are  a 
postage-stamp  unit  less  than  an 
inch  square  and  3/16  inch  thick, 
and  a  low-cost  crystal  designed  for 
use  in  home  broadcast  receivers  to 
insure  foolproof  pushbutton  tuning. 


Nylon  Pickup.  Astatic  Corp.,  Con- 
neaut,  Ohio.  The  new  Nylon  1-J 
crystal  pickup  cartridge  is  glow¬ 
ingly  described  in  a  4-page  broch¬ 
ure.  Both  chuck  and  needle  are 
formed  from  Nylon,  but  the  needle 
tip  is  sapphire.  A  special  guard 
protects  the  unit  from  damage  by 
careless  handling. 


SHEET  METAL  "  PRODUCTS  — 
%uch  at: 

instrument' PANELS,  RADIO 
COMMUNICATION  CASES  and 
ENCLOSURES,  OSCILLATOR 
BOXES.  CHASSIS  and  CABINET 
^ASSE^BLIES  RACKS  and  SPARE 
PARTS  BOXES.  WATERPROOF. 
CABINETS  iftd  BOXES,  MEtAl  « 
STAMPINGS,  f^FORMlNS:;  and  ^ 
WELDING  of  FERROUS  and  I 
NONFERROUS  METALS. 

Wo  can  oMuro  you  of  oieoliant 
workmanship  and  prompt  daliv- 
arias.  Sand  us  your  bluaprints  and  ^ 
spacifications.  Wa  shall  quota  yoo^ 
immadiataly.  "*^1 


Transformers  and  Reactors.  Red 
Arrow  Electric  Corp.,  100  Coit  St., 
Irvington  11,  N.  J.  A  few  sample 
units  manufactured  by  the  com¬ 
pany  are  pictured  in  a  4-page  leaflet 
that  describes  the  types  of  trans¬ 
formers  and  engineering  services 
available  on  order. 


Deflection  Yokes.  The  Telectron 
Co.,  1988  East  59th  St.,  Cleveland 
3,  Ohio.  Magnetic  deflection  yokes 
and  blocking  oscillator  transform¬ 
ers  are  described  on  a  single-sheet 
bulletin.  These  television  compo¬ 
nents  can  be  used  for  replacement 
service  of  new  equipment,  owing  to 
their  standard  method  of  construc¬ 
tion. 


Cathode  Ray  Manual.  Allen  B. 
Du  Mont  Laboratories,  Inc.,  2  Main 
Ave.,  Passaic,  N.  J.  The  Operat¬ 
ing  and  Maintenance  Manual  for 
the  type  274  oscillograph  contains 
so  much  general  information  on  the 
use  of  this  and  similar  equipment 
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AMERICAN  PRECISION  DIAL  CO. 

93  MASSACHUSETTS  AVENUE 

BOSTON  1  5,  MASSACHUSETTS 


NfW  PRODUCTS  (continutd) 

in  the  servicing  of  a-m  and  f-m 
etjuipment  that  it  has  been  decided 
to  make,  the  39-page  manual  avail¬ 
able  at  a  cost  of  50^  a  copy;  less 
in  lots. ' 


Miniature  Tubes.  Raytheon  Mfg. 
Co.,  60  E.  42nd  St.,  New  York  17, 
N.  Y.  Descriptive  data  and  charac¬ 
teristics  have  been  released  on  two 
miniature  cathode-type  r-f  ampli¬ 
fier  tubes  6BD6  and  12BD6  that 
have  been  designed  to  replace  older 
tubes  like  the  6D6  and  6K7. 


Noise  Suppressor.  Technology  In¬ 
strument  Corp.,  1058  Main  St., 
Waltham  54,  Mass.  The  dynamic 
noise  suppressor  type  910-A,  is 
completely  described  for  prospec¬ 
tive  purchasers  in  a  7-page  booklet 
recently  made  available. 


Communications  Equipment.  Fred 
M.  Link,  125  West  17th  St.,  New 
York  11,  N.  Y.  An  illustrated  file 
folder  containing  a  leaflet  serves 
to  bring  us  up  to  date  on  mobile 
f-m  communications  equipment, 
main  stations,  antennas,  and  other 
necessary  paraphernalia  manufac¬ 
tured  by  this  company. 


At  low  co^t  .  .  .  well  below  conventional  pantograph  engraving  .  .  . 
automatic  machinery  engraves  dials,  scales,  and  screens  on  metal, 
plastics,  or  glass  to  an  extremely  high  degree  of  accuracy. 

To  your  specifications  .  .  ,  precision  engraving  can  be  accomplished 
below  and  beyond  the  limitations  of  popular  means  for  producing 
scales,  dials,  ar  screens. 


House  Organ.  Bodine  Electric  Co., 
2250  W.  Ohio  St.,  Chicago  12,  Ill. 
The  Motorgram  is  published  by 
this  manufacturer  of  fractional 
horsepower  motors,  and  will  be  of 
interest  to  engineers  engaged  in 
electronic  work  involving  motors. 


Perfect  circles  .  .  .  can  be  engraved  up  to  20  Inches  In  diameter  and 
with  as  many  as  6400  radial  graduations  accurate  to  two  minutes 
In  360  degrees. 

Straight  lines  ...  up  to  fifteen  feet  long  with  no  deviation  from  the  true. 

Cross-section  screens  ...  in  ony  fineness  down  to  500  lines  per  Inch  and 
with  heavy  lines  at  any  desired  Interval. 

Dual-plane  engraving  .  .  .  precisely  matched  on  both  faces  of  material 
up  to  one-half  Inch  thick. 

FREE  SPECIMEN  .  .  .  showing  typical  examples  . . .  will  be  furnished  if 
requested  on  your  business  letterhead.  Quotations  will  be  made  on  large 
and  small  quantities. 


Wave  Guide  Fittings.  De  Mornay- 
Budd,  Inc.,  475  Grand  Concourse, 
New  York  51,  N.  Y.  An  18-page 
profusely  illustrated  catalog  of 
standard  microwave  components 
has  just  been  released.  Mechanical 
and  electrical  characteristics,  in¬ 
cluding  drawings,  are  presented  for 
each  element. 


Ballast  Bulletin.  JFD  Mfg.  Co., 
4117  Fort  Hamilton  Parkway, 
Brooklyn  19,  N.  Y.  A  new  4-page 
bulletin  has  been  announced  for 
free  distribution  listing  a  complete 
line  of  ballast  resistors  for  a-c  and 
d-c  receivers. 


F-M  Brochure.  Radio  Engineer¬ 
ing  Laboratories,  Inc.,  35-54  Thirty- 
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THERE’S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


i'.  Manufacturers  of  Precision  Electrical  Resistance  Instruments 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


GOAT  PRECISE.FORMEb 
DEEP-DRAWN  METAL  PARTS 


ALLIED  Discs  are  farored  by  noted 
broadcasters  and  other  users,  for  their 
high  fidelity.  Test  them  on  your  work. 
One  of  the  first  companies  to  make 
instantaneous  recording  equipment, 
ALLIED  offers  you  the  benefits  of  its 
seasoned  skill. 

Write  for  our  New  Descriptive  Bulletin. 


Deep  drawing,  sizing  and  coining,  in  conjunction  with 
quality  control  techniques  devised  by  the  Goat  Company,  make 
possible  the  economical  production  of  small  parts  to  tolerances 
unattainable  a  few  years  ago.  The  new  method  makes  ex¬ 
pensive  annealing  operations  unnecessary.  The  use  of  these 
economically  produced,  precision  parts  reduces  both  material 
^l^^^osts  and  assembly  costs. 

Send  us  your  design  prints  for  /  ^ 

**  Ww]  engineering  recommendations  /  / 

Addrws  D«pt.  EL  /  / 


RECORDING  PRODUCTS  CO. 

21-09  43d  Aw.  LONG  ISLAND  CITY  I.  N.  Y. 


MIDGET 

TYPE 

600 


From  that  mighty  mite 


the  Drake  No.  400  to  the  high 
speed  production  ^honey'^ 


e  Solid  tilvor  contacts  ond  itainlott  tilvor 
alloy  wipor  arms. 

e  Rotor  hub  pinnod  to  shoft  provonts  wn- 
authorizod  tamporing  and  koops  wipor 
arms  in  porfoct  adivstmont. 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  joh. 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


roquost. 


STANDARD 


SEE 

YOUR  RADIO 
PARTS  JOBBER 
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SAVE  ON  VALUES  LIKE  THESE 


A  POPULAR  TUBE  AT 
A  REAL  LOW  PRICE 

OnnO  VHF  MidRet  Super 
UUU«J  Control  RFOCi 
Pentode  Tube  u  tJ 


NEW  PRODUCTS  (continutd) 

Sixth  St.,  Long  Island  City  1,  N.  Y. 
Bulletin  5015  details  the  facilities, 
accomplishments,  and  aims  of  this 
pioneer  manufacturer  of  f-m 
equipment. 


equipment 


Wire  Wound  Resistors.  Interna¬ 
tional  Resistance  Co.,  401  North 
Broad  St.,  Philadelphia  8,  Pa.  Type 
FRW  flat  wire  wound  resistors  have 
a  higher  space-power  ratio  than 
standard  tubular  wire  wounds  and 
they  lend  themselves  to  assembly 
in  stacks  and  gangs.  Write  for 
the  4-page  descriptive  bulletin. 


Concord  has  them!  Radio  &  Electronic  Parts,  Supplies  and 
Equipment  of  every  kind,  for  every  need  ...  long-awaited, 
hard -to -get  items  . . .  new  merchandise,  just  received  . . . 
Hundreds  of  bardsins. . .  in  stock  NOW  for  Immodiat*  Shipmant  from 
CHICAGO  or  ATLANTA.  Listed  below  are  just  a  few  of  Concord's 
Money 'Makinit  Values  in  Top-Quaiity,  Standard* Make  Parts  and 
Equipment.  CHECK  these  offerinffs  now  —  or  write  us  your  needs. 


AN/PRS-l 

This  convenient  DETECTOR  SET  is  a 
highly  sensitive,  portable  instrument 
for  the  detection  of  buried  metallic  and 
nonmetallic  objects.  Detection  is  ms- 
II  ,  sible  up  to  depths  of  .6  inches.  The 

: Detector  uses  a  UHF  transmitter  oper- 
sting  in  the  280  to  380  MC  frequency 
ranse.  The  presence  of  buried  Ejects 
in  the  antenna  Aeid  changes  the  radi- 
ation  resistance  antenna 

changes  the  oscillator  loading.  These 
--...MU  changes  are  both  visual  and  audible  by 
•jk  _iiiiijf—  '  means  of  a  meter  &  a  speaker  or  head- 
fl— set.  Buried  pipes,  stones,  three  roots. 

V  _  -  air  or  water  pockets,  etc.,  are  easily 

' — -A  ^  detected. Nails, bollet8,decay, fissures, 

etc.,  are  accurately  located  in  timbers 
'  "  and  logs,  me  Detector  Set  consists  of: 

a  detector  head  with  antenna,  reflector,  and  explorer  rod;  amplifier  and  water¬ 
proof  canvas  carrying  bag;  speaker:  headset;  spare  parts;  instroetions ;  and 
carrying  ease.  Easy  to  operate.  Light  weight.  Long  battery  Hfe. 

5B9541(LeMBattenes)$‘|C  CH  ClM4a  “A"  Battery  (IRaq)  Ea. .  43e 
Your  Coat . lO.wU  C20«l«“B’*Battery(8Req)Ea.ti.Sl 


Chemical  Wire  Stripper.  Division 
Lead  Co.,  836  W.  Kinzie  St.  Chicago 
22,  Ill.  Cold  removal  of  Formex 
or  Formvar,  and  all  baked  insula¬ 
tions  can  be  accomplished  by  chem¬ 
ical  means  using  Divco  solvents. 
Technical  bulletins  outline  the 
process.  Other  pages  describe  the 
company’s  rosin-core  solder  and 
rosin  flux  remover. 


ALNICO  V  5'  P.  M. 
SPEAKER 

New  AlnicoV  magnet 
provides  maximum  per¬ 
formance  with  minimum 
weight.  Normal  wattage 
S.  peak  wattage  4  4. 
V.C.  impedance  3.2  ohms, 
depth  27/16'  tl  QQ 
SB700»  ^1.00 


Cable  Bulletins.  General  Electric 
Co.,  Schenectady  5,  N.  Y.  Flamenol 
is  the  title  of  a  16-page,  four-color 
bulletin  (GEA-4352)  that  tells  the 
story  of  manufacture  and  use  of 
this  particular  type  of  conductor. 
Flamenol  Mine-Telephone  Cable  is 
described  in  a  companion  two-page 
bulletin,  GEA-3612B. 


^^^^\Supreme  Model  543B 

iooo  o.  p.v. 

A  Sensitive  Meter 

Has  pin  jack  terminals,  and  in- 
dudes  the  following  ranges:  — 
0/6/60/600  D.C.  M.  A..  0/15/150/600/3000  V.  A.C. 
and  D.C.,  0/2000/200,000  ohms.  This  meter  is  con¬ 
venient  to  carry.  Weighs  28  ozs.  Uses  full  size  3' 
meter  with  a  rugged,  accurate  I.M.  A.  movement. 
All  resistance  ranges  are  operated  by  batteries 
furnished  with  the  unit.  Bakelite  case.  Size: 
67/8'x21/16'x21/8'.  Shpg.wt.21bs.  S'!  O  C7 
C2174S . ^lO.Uf 


3Mfd.400Volt 

Hi-Voltage 

Condenser 

Large  3  mfd.,  4000  v. 
DC.  condenser,  her¬ 
metically  sealed  in 
an  aluminum  can. 
Size  4.4  X  3  11/16  x 


D.C.  MILUAM. 
METERS 

2  4 -inch  Hange  mtg. 
Bla^  dull  finish  ease 
-Mtg.  Hdwe.  inel. 
Either  SB4122  — 
0-20  M.A.D.C.  or 
SB4tl«-0*S00 
najLD.c.  CO  09 

Special  .  .  *0.£0 


Voltage  Controls.  Superior  Elec¬ 
tric  Co.,  713  Laurel  St.,  Bristol, 
Conn.  Bulletin  150  replaces  all 
other  bulletins  and  describes  the 
complete  Superior  line  of  power- 
stats,  automatic  voltage  regulators, 
and  remote  positioners. 


NEUTRALIZING  TOOL  KIT 

3  2  toolaTalaacopo  into  S  units 

Composed  of  alligator  side  wrench 
insulated  driver— metal  nib, 
5.'16'  and  4*  nut  wrench,  4’  ins. 
square  nut  wrench.  4'  hex  metal 
side  wrench,  24'  ins.  driver  with 
UEAVY  DUTY  LINE  FILTER  metal  nih,  .4 '  hex  slotteil  insulated 
”  Solar  KliiN«0*Stat.  Com-  wrench  driver,  5  16'  hex  ins.  nut 
pletely  shielded.  Type  Cl  7Q  wrench.  5' and  6' ins.  CO  4Q 
EN106.  8B321S  Each  ^  I  .  I  U  driver.  SB6S47  .  .  .  ^C.TU 


UfIRE  STRIPPER 

Strips  wire  instantly!  Fastens 
to  bench  or  other  support.  Wire 
strippe<l  toany  length.  Strips  wire 
up  to  12MM  diam.  Each  QQ^ 

Ct5264  . UO 

AERIAL  WIRE 

**  Contains  7  strands— 4  copper— 
3  of  monel.  100  foot  coils.  90^ 

8B51S3  ....  Each  4«l 


T-17-B  200  Ohm  Carbon  Mike.  Lightweight, 

with  press-to-talk  button.  Built-in  filter  to  suppress 
carbon  hiss,  o'  rubber  covered  cable  and  CO  M  Q 
I’L-tW  S-circuit  plug  supplied.  SB7062  . 

Midget  Volume  Control  —  1  Meg.  ohm  Standard 
*h' Hushing,  4 '  dia.  Shaft.  4 'long,  with  split  QC< 
spline  for  pu.sh -on  knob.  CS1S4  .  .  .  .  Uw 
STANCOR  Universal  Output  Tranaformer  Typo 
A  3856.  I'rimary  for  all  single  or  push-pull  plates. 
Secondary  adjustable  from  1  to  30  ohms.  Two-inch 
mounting  centers.  4  watts  at  35  mils.  Cl  09 
C167S.  SPECIAL . 

Mail  the  Coupon  Below  Now! 

for  New  Concord  Bulletin  of  Radio  Paits  and  Elec¬ 
tronic  Equipment.  See  8  giant-size  pages  packed 
with  Radio  Needs  —  Condensers.  Meters.  Controls, 
Transformers.  Switches.  Relays,  Tools,  Amplifiers. 
Records,  Flayers  and  Changers  —  new  and  scarce 
items— scores  of  bargains.  MAIL  COUPON  NOW! 


Microphones.  Electro-Voice,  Inc., 
Buchanan,  Mich.  Bulletin  No.  131 
describes  the  Cardyne  cardioid 
dynamic  microphone  and  Catalog 
No.  101  presents  the  complete  line 
of  the  company’s  products.  An 
interesting  feature  of  the  Id-page 
catalog  is  an  index  identifying 
microphone  types  by  application  so 
that  selection  of  the  proper  unit  is 
facilitated. 


Simple,  single  control,  plays  ten  12'  or  twelve  10' 
records  automatically.  Rejects  any  record  desired, 
or  permits  optional  playing  of  records  manually. 
Only  three  moving  parts  while  changing.  Fast  . . . 
changes  records  in  5  seconds.  Has  self-starting, 
78  RPM.  110  volt  60  cycle  AC,  heavy  duty  motor. 
Finished  in  two-tone  brown  with  attractive  plastic 
trim.  Requires  only  54'  head  room  and  fits  any 
cabinet  with  124*  x  164'  changer  area.  CIO  QC 
C22803.  SPECIAL . ''ISf.93 

TUNER  UNIT  TU-IO-B.  Continuous  fre¬ 
quency  range  from  10  MC.  to  12.5  MC.  VFO  oscil¬ 
lator  toning  section,  buffer,  coupling,  capacitors 
and  choke,  and  buffer  output  matching  tapped  coil 
and  condenser.  Size  164  Ig.  x  74' h.  x  <0  QC 
64' deep.  A84132.  SPECIAL  .  .  . 


I  Concord  Radio  Corporation 
I  901  W.  Jackson  Boidovard,  Dopt.  G-124. 

I  CMcago  7,  lllinais 

I  Please  rush  my  FREE  COPY  of  the  new  Concord 
!  Bulletin  of  Radio  Parts. 


Time  Switches.  Automatic  Tem¬ 
perature  Control  Co.,  Inc.,  34  East 
Logan  St.,  Philadelphia  44,  Pa.  Two 
pages  of  a  4-page  leaflet  are  devoted 


Name. 


Address. 


State 
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SeaMvarthy! 


On  the  hlffh  seas,  on  the  creat  lakes,  on  inland  waterways  ....  PR  Pre¬ 
cision  CRY'STALS  are  doins  seaworthy  duty  in  marine  radio  instaiiations 
for  both  private  and  commercial  service.  TYPE  Z-1  PR  CRYSTALS  are 
desiKne«l  for  the  rigors  of  sea  duty.  Calibrated  within  .006  per  cent  of  spe- 
cifled  frequency.  Temperature  coellleient  less  than  2  cycles  per  megacycle 
per  decree  centigrade.  Gasket  sealed  mounting,  contamination  and  salt- 
moisture  free.  Unconditionally  guaranteed.  Available  in  %  and  %  inch  pin 
spacing  .  .  through  your  radio  jobber  for  quick  delivery  on  exact  fre«iuency. 


SINCE 


Precision 


MARINE 

CRYSTALS 


PeitRseN  Rgdio  Companv 


3800  WIST  BROADWAY - TELEPHONE  2760 

Council  Bluffs,  Iooifv 


100  Ml.  STSMurs  im- 
pratnatint  tank  with 
countarbalanMd  top. 


S  Ml-  compound  dit- 
ponfinp  heator  with 
motor  driven  apitator. 


YOUR  NEW  PRODUCTS 
\  MAY  REQUIRE 

fmrmm 

PROCESSES 

f  In  the  field  of  solder,  wax  and  compound 

melting,  Sta-Warm  builds  a  wide  variety 
of  electrically  heated  tanks,  kettles  and 
pots  that  you  mi^t  find  just  fill  the  bill. 
Special  sizes  and  shapes  of  compound 
melters  and  dispensers  can  be  tailored  to  meet  your 
new  high  speed  production  line  or  manufacturing 
process.  Numerous  special  features  can  be  enf^ineered 
into  exaaly  the  units  you  need  without  excessive  cost 
or  delay. 

You  will  always  be  assured  of  these  vital  advan¬ 
tages  when  seeking  Sta-Warm  recommendations: 

1.  Personal  attention  of  principals 

2.  Searching  analysis  by  experienced  engineering 
talent 

3.  Recommendations  that  are  Practical 

4.  Produas  always  up  to  Sta-Warm  high  quality 
standards. 

If  a  new  or  special  compound,  wax  or  soft  metal 
production  problem  bothers  you,  why  not  take  it  to 
S:.2-Warm  today.^ 

Inquire  by  writing  Dept.  K  now. 


ta-Warm  ELECTRIC  CO. 


Premax  Police  ^ 

Antennas 

Premax  ‘*whlp’'  type  Antenna*  in 
steel,  stainless  and  aluminum  .  .  . 
the  sort  that  will  withstand  severe 
road  shocks. 

Mountings  are  available  in  many 
styles  to  meet  all  installation  condi¬ 
tions. 

•  Ask  your  radio  jobber  for  new 
Premax  Catalog,  showing  the  com* 
plete  line. 


F^r  o  m  a  X  Fr  o  dud 


Olvhiott  CMsholm-Kyder  Co.,  Inc. 

4711  Highland  Ave.  Niagara  Falls,  N.  Y. 


SCREW 

MACHINE 

PARTS 


7 


Faeilifics  for  rapid  production  of 
oil  tcrow  machino  ports.  Closo 
toioronco  work  a  spoeioity.  Ex- 
ponded  modern  fociiities  permit 
fast  delivery.  Ali  tools,  jigs,  fix¬ 
tures  produced  on  premises  for 
precision  and  economy. 


THE  ENGINEERING  CO 

DANIEL  KONDAKJIAN 

27  WRIGHT  ST.,  NEWARK,  N.  J 
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NEW  PRODUCTS  (continued) 

to  six  practical  examples  of  time- 
switch  usage  in  industry.  The 
various  units  are  illustrated. 

Control  Devices.  Ward  Leonard 
Electric  Co.,  Mount  Vernon,  N.  Y. 
Bulletin  100,000  just  issued  is 
available  without  charge.  It 
describes  all  manner  of  electric  con¬ 
trol  devices  such  as  midget  relays, 
rheostats,  time  delays,  and  starters. 

D-C  V-T  Voltmeter.  Development 
Engineering  Co.,  1818  Ashland  St., 
Houston,  Texas.  A  catalog  sheet 
has  just  been  issued  on  the  model 
SD-14  d-c  vacuum  tube  voltmeter. 
The  meter  is  of  particular  interest 
because  of  its  small  size  and  long 
battery  life. 

F-M  Broadcasters.  Federal  Tele¬ 
phone  and  Radio  Corp.,  Newark  1, 
N.  J.  Complete  with  circuit  dia¬ 
grams,  specifications,  and  illustra¬ 
tions,  Federal’s  latest  publication 
on  its  1  and  3  kilowatt  f-m  broad¬ 
cast  transmitters  for  the  88  to  108 
megacycle  band  has  recently  been 
printed. 

Communications  Receivers.  The 
Hallicrafters  Co.,  Chicago,  Ill.  Two 
receivers,  model  S-38  and  S-40,  tune 
from  540  kilocycles  to  32  megacy¬ 
cles  and  540  kilocycles  to  43  mega¬ 
cycles  respectively  in  four  bands. 
The  SX-42  gives  continuous  cov¬ 
erage  from  540  kilocycles  to  110 
megacycles  on  either  a-m  or  f-m. 
These  receivers  and  some  antennas 
are  described  in  an  8-page  folder. 


PROFESSIONAL 

WIRE  RECORDER 


ACHIEVES  HIGH  FIDELITY 


AM  RADIO 
FM  RADIO 
MOTION  PICTURES 
TEST  LABORATORIES 
GENERAL  ENTERTAINMENT 
INDUSTRY 


IJ'^^MAGNECORDER 

I  ' 

I  Built  Under  Armour  Research  Foundation  License 


Television  Antenna.  Andrew  Co.,  I 
363  East  75th  St.,  Chicago  19,  Ill. 

A  2-page  technical  data  sheet,  com¬ 
plete  with  graphs,  describes  the 
Di-Fan  television  and  f-m  broad 
band  antenna. 

Small  Gears.  Gear  Specialties, 
2635  W.  Medill  Ave.,  Chicago,  Ill.  | 
A  request  on  company  stationery  i 
will  bring  a  copy  of  the  4-page  cata-  | 
log  bulletin  that  tells  about  small 
gears  and  their  applications.  i 


Here  is  wire  recording  with  all  the  "bugs"  out.  MAGNE- 
CORDER,  a  strictly  professional  magnetic  recording  and 
reproducing  device,  incorporates  many  of  the  electronic 
developments  of  the  war  years. 

MAGNECORDER  OFFERS  YOU  .  .  .  HIGH  FIDELITY  .  .  . 
frequency  response  flat  within  2  db  from  50  to  12,000  cps 
with  signal  noise  ratio  of  well  over  45  db.  Less  than  1V2% 
harmonic  distortion.  ELIMINATION  OF  WOW  AND  FLUT¬ 
TER  ..  .  30  MINUTE  PLAYING  TIME  .  .  .  HIGH  SPEED 
FORWARD-REWIND  SPOOL  .  .  .  SIMPLE  OPERATION  .  .  . 
LASTING  QUALITY  .  .  .  GENUINE  ECONOMY.  Write  for 
literature. 


Snap-Action  Switches.  Micro¬ 
switch,  Freeport,  Ill.  Manual  safety 
switches  are  featured  in  Data  Sheet 
No.  38,  comprising  two  loose  leaf 
page.^  printed  on  both  sides. 


MAGNECORD,  INC. 

304  WEST  63rd  STREET  •  CHICAGO  21,  ILLINOIS 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

'  PICAO  considers  radar  for  world  airlines ;  new 
IRE  officers;  television  fanfare;  review  of 
OSRD  history  —  ^‘Scientists  Against  Time” 

National  Electronics  Conference  is  Well  Attended 


This  year’s  National  Electronics 
Conference  at  the  Edgewater  Beach 
Hotel,  Chicago,  Oct.  3-5,  drew  an 
attendance  of  approximately  twen¬ 
ty-five  hundred  for  the  sessions 
and  exhibits.  A  total  of  65  tech¬ 
nical  papers  were  presented,  along 
with  demonstrations  which  included 
the  infrared  sniperscope. 

The  papers  presented  at  the  Con¬ 
ference  will  be  published  •  in  the 
“Proceedings  of  the  1946  National 
Electronics  Conference”,  priced  at 
$3.50.  Orders  should  be  sent  to 
E.  H.  Schulz,  Secretary,  National 
Electronics  Conference,  Technology 
Center,  Chicago  16,  Illinois.  Some 
copies  of  the  1944  “Proceedings” 


may  still  be  available  at  $3.00  each. 
No  show  was  held  in  1945,  due  to 
wartime  travel  restrictions. 


U.  S.  Demonstrates  Radio 
Aids  to  Air  Navigation 

In  response  to  a  suggestion  by  the 
Provisional  International  Civil  Avi¬ 
ation  Organization  (PICAO),  the 
British,  U.  S.,  and  Australian  gov¬ 
ernments  have  presented  demon¬ 
strations  of  the  various  air  naviga¬ 
tion  and  communications  systems 
now  used  or  in  process  of  develop¬ 
ment.  The  British  demonstrations 


were  conducted  in  and  about  London 
for  PICAO  delegates  from  Sept. 
9th  to  30th,  after  which  the  group 
was  flown  to  New  York  for  demon¬ 
strations  at  LaGuardia  Airport  and 
the  CAA  overseas  communications 
center  at  Sayville,  Long  Island  Oct. 
7  and  8,  thence  to  Indianapolis  for 
a  carefully  planned  series  of  lec¬ 
tures,  demonstrations,  and  exhibits 
from  Oct.  10  through  the  23rd. 
Army  planes  flew  the  worldwide 
group  of  delegates  back  to  New 
York  City  for  an  inspection  of  Air¬ 
borne  Instrument  Laboratories  and 
demonstrations  of  loran  Oct.  25-26, 
after  which  the  official  delegates 
comprising  the  Special  Radio  Tech¬ 
nical  Division  of  the  PICAO  Air 
Navigation  Committee  convened  in 
Montreal,  Canada  Oct.  30  to  deter¬ 
mine  which  systems  will  be  specified 
for  international  adoption. 

Navigation  equipment  demon¬ 
strated  on  the  U.  S.  program  as 


Bendix  airport  Burreillance  lyitem,  em¬ 
ploying  high-definition  leorch  radar  as  an 
auxiliary  to  GCA  and  on  aid  to  traffic 
control.  Center  frequency  is  2,880  me.  and 
antenna  rotation  rate  is  30  rpm.  This  equip¬ 
ment  was  demonstrated  to  PICAO  dele¬ 
gates  at  Indianapolis 

being  now  in  use  or  ready  for  use 
falls  into  four  categories:  (1)  long- 
range  navigation,  for  overseas 
flights  and  long  land  flights  as  over 
the  North  Pole — loran  and  low-fre¬ 
quency  omnidirectional  range;  (2) 
short-range  navigation,  as  between 
airports  of  a  given  country  or  short 
over-water  flights — vhf  omnidi¬ 
rectional  range,  distance-measuring 
equipment,  radio  compass,  auto¬ 
matic  direction  finder,  pulse  alti- 


Officers  for  1946  National  Electronics  Conference.  Rear,  left  to  right:  C.  A.  Emery 
of  Westinghouse.  Tice-president;  Louis  T.  Rader  of  Illinois  Institute  of  Technology, 
Tice-president;  A.  B.  Bronwell  of  Northwestern  Unirersity,  executive  vice-president. 
Seoted.  left  to  right:  J.  E.  Hobson  of  Armour  Research  Foundation,  chairman  of 
board  of  directors;  E.  H.  Schult  of  IIT,  secretary;  W.  O.  Swinyard  of  Hoxeltine; 
president;  R.  E.  Beam  of  Northwestern  University,  vice-president 
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Specialists  in 


^oUoij, 


'®  2000 


n!!nV/V* 


FULL  DETAILS  ON  REQUEST 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 
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Runway 

2b 


NEWS  OF  THE  INDUSTRY  (continutdj  needed,  and  9  others  are  being  oper- 

meter;  (3)  instrument  approach  ated  by  Great  Britain  and  Canada, 
and  landing  during  conditions  of  all  on  a  24-hour  schedule.  The  RCA 
poor  visibility  or  low  ceiling — CAA  AVR-26  airborne  loran  receiver 

instrument  landing  system,  ground-  weighs  approximately  35  lb. 
controlled  approach,  and  microwave  The  CAA  vhf  omnidirectional 
instrument  landing  system ;  (4)  air  range  operates  in  the  112-1 18-mc 
traffic  control  at  airports,  to  convert  band  for  short-range  navigation, 
random  arrivals  into  orderly  land- 
ings  with  minimum  delay  under  all 

vertical  separation  indicator,  and 


Langex^in 


Broadcast  Audio  Facilities 


LOCALIZER-tl 

EOyiPMENI--^ 


In  GCA  three  operators  seated  before 
scopes  on  the  ground  observe  the  position 
of  an  incoming  aircraft  with  respect  to 
glide  path  and  asimuth  markings  on  the 
screen,  and  bring  the  pilot  down  to  con¬ 
tact  with  the  runway  through  fog  entirely 
by  radioed  voice  instructions 


GLIDE 

EQUIPMENT 


. . .  featuring  the  Longevin  Type  1 1 1-A,  Dual  Preliminory 
Amplifier;  gain  47  DB;  output  level  -f  16  DBM;  input 
impedance  30/250/600  ohms;  output  impedance  600 
ohms.  This  amplifier  can  be  used  also  as  o  booster  .  . 


LANDING 

PATH 


using  a  10-kc  subcarrier.  A  number 
of  stations  have  already  been  estab¬ 
lished  on  the  Chicago-New  York 
route. 

Radio  pulse  distance-measuring 
equipment  was  demonstrated  by 
CAA,  Hazeltine  Electronics  Corp., 
and  Federal  Telecommunication 
Laboratories,  Inc.  Operation  is  on 
1,000  me.  Use  with  omnidirectional 
ranges  gives  the  pilot  of  an  aircraft 
a  continuous  indication  of  distance 
and  direction  from  a  range.  Only 
experimental  models  are  now  in 
use.  A  transmitter  in  the  aircraft 
sends  a  continuous  flow  of  r-f  pulses 


Perspective  of  typical  airport,  showing  lo¬ 
cations  of  the  two  units  employed  in 
Sperry  microwave  landing  system 


air  traffic  control  system.  A  fifth 
category,  covering  complete  naviga¬ 
tion  systems  or  individual  equip¬ 
ments  intended  for  future  use,  was 
also  given  consideration.  Details  of 
some  of  the  systems  follow. 

The  low-frequency  omnidirec¬ 
tional  range  provides  continuous 
indication  of  azimuth  without  am¬ 
biguity  through  360  degrees  about 
a  transmitting  station  operating  in 
the  50-400  kc  band,  and  employs  a 
300-cycle  subcarrier  for  production 
of  the  f-m  component  whose  phase 
is  a  function  of.azimuth.  One  400- 
watt  station  is  in  operation  at  Indi¬ 
anapolis,  and  several  10-kw  stations 
will  be  in  operation  in  U.  S.  coastal 
regions  by  July  1,  1947. 

Loran  is  a  pulsed  type  of  radio 
transmission  in  the  band  1,800  to 
2,000  kc,  providing  pinpoint  navi¬ 
gation  data  over  reliable  ranges  of 
700  nautical  miles  by  day  and  1,400 
by  night.  Accuracy  of  range  deter¬ 
mination  from  the  baseline  joining 
two  loran  transmitters  is  better 
than  1  percent.  The  U.  S.  govern-  to  the  ground  beacon,  which  re- 
ment  is  now  operating  35  transmit-  transmits  similar  pulses  in  reply, 
ting  stations  throughout  the  world.  The  time  between  transmission  of 
with  four  more  ready  for  use  if  a  pulse  by  the  aircraft  and  recep- 


...in  addition,  tht  Langavin  Typ«  102-A  Progrom 
Amplifier  is  avwItM*  from  stock;  gain  55  OB;  output  Uvel 
-1-28  OBM;  input  impodnoco  30/250/600  ohms;  output 
impodonco  600  ohms.  This  unit  has  provisions  for 
decreasing  the  gain  to  45  or  35  OB  .  .  . 


...  in  order  to  provide  for  the  broadcaster's  monitoring 
focilities,  Longevin  is  rmady  to  ship  the  Type  108- A 
Amplifier;  gain  43  or  63  DB;  output  level  -f43  DBM 
(20  watts);  input  impedonce  600/25,000  ohms;  output 
impedonce  8/500  ohms  ... 


..  .ofso  ovoifobie  for  immodiato  shipment  ore  the  longevin 
Type  30f-a  BectiBer  oncf  Type  Ild-A  AC  OC  Monitor 
AmpfUtor,  o  4  waff  unit. 


In  RCA't  proposed  Teleron  system,  a  pic¬ 
ture  like  this  might  be  sent  to  the  pilot 
by  television  during  final  approach.  His 
aircraft  is  a  spot  moving  on  a  map  (be¬ 
tween  0  and  2).  Any  other  planes  within 
area  of  mop  would  also  show 
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EISLER  EQUIPMENT* 

...  COMPLETE  AND  DIVERSIFIED  FOR  EVERY 
PHASE  OF  ELECTRONIC  MANUFACTURE! 

- TRANSFORMERS'  of  all  types  —  furnace,  distribution,  power 

phase  changing,  air,  oil,  induction,  water  cooled,  plate,  filament  and  auto¬ 
transformers.  Filter  chokes  and  inter-phase  reactors. 

~r.vrtAPNAtx ,RfAcrcKs~^^iK'€!iT  rjs>A«5^ca«r«j™s'  •  I 


Transformers  supplied  from  %  to  300  KVA. 


^NORTHERN 


It’s  your  custom  molder’s  responsibility.  He  must  make 
the  part  right ...  or  the  product  is  wrong!  When  you 
specify  Northern  you  gain  the  advantage  of  more  than 
37  years  of  experience  in  producing  plastics  for  all  type 
assemblies.  You  are  assured  of  precision  and  uniformity 
for  your  plastic  part,  which  mews  quicker,  cleaner  as¬ 
sembly  ...  a  better  all-over  job. 


INDUSTRIAL  CHIMICAl  CO. 


38  Years  of  Plastic  Molding  Experience 


Send  for 

FREE  CATALOG 


This  new.  f3-paoa 
catalog  halpa  yea  a*« 
loct  tho  cofract  gim 
and  typo  of  noa-coc- 
rosivo  iastoniatif  dia- 
vice  for  aay  partscidar 
job.  lacludTos  stock 
aixos.  spociols  that 
caa  bo  mado.  ongk- 
aooriag  dota#  ote. 
Mako  roquost  oa  earn* 
I  paay  lottorboad. 


ALLMETM 

SCREW  PRODUCTS  OO. 

33  Greene  Street*  New  Torfc  1$ 


7S1  SO.  13th  ST.  (Near  Avon  Avn.) 


NEWARK  3.  NEW  JERSEY 


7-11  ELKINS  ST.,  SO.  BOSTON  27,  MASS. 


SPECIALISTS  in 
STAINLESS  FASTENERS 


Prompt  delivery  from  flie 
largest  stock  in  the  nation! 


Screws  .  .  .  nuts  .  .  .  washers  .  • . 
pins . . .  Allmetal  carries  the  largest 
stock  in  the  country  of  stainless 
steel  fasteners  and  screw  machine 
ports.  We  also  have  facilities  foe 
heading,  tapping,  drilling,  ream> 
ing,  slotting,  turning,  stamping, 
broaching  and  centerless  grinding 
.  .  .  and  we  work  not  only  with 
stainless  and  monel,  but  also  with 
duralumin,  aluminum,  brass, 
bronze,  or  any  other  non-cotroshre 
metal.  All  parts  produced  to  close 
tolerances.  Write  for  our  catalog 
today.  Allmetal  Screw  Products 
Co.,  33  Greene  St,  New  Yodc. 
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do  you  need? 


EISLER  Compound 
Vacuum  Pump. 

*EISLER  machines  are 
in  use  and  in  produc- 
f  i  o  n  by  99®/,  of  ail 
American  radio  tube 
and  incandescent  lamp 
manufacturers  and 
throughout  the  world. 


24  Hood  Radio  Tuba 
Eihautfing  Machlno. 


EISLER  Spotwaldars 
from  to  250  KVA. 


- CHAS.  EISLER - 

EISLER  ENGINEERING  CO 


ALLIED 

CATALOG 


NEWS  OF  THE  INDUSTRY  (continutd) 

tion  of  its  reply  pulse  is  measured 
electrically  and  indicated  to  the 
pilot  on  a  meter  calibrated  in  miles. 

The  CAA  instrument  landing  sys¬ 
tem  (ILS)  consists  of  a  runway 
localizer  in  the  108-111  me  band,  a 
glide-path  transmitter  in  the  328.6- 
335.4  me  band  (third  harmonic  of 
localizer),  and  75-mc  marker  bea¬ 
cons.  Sideband  frequencies  are  90 
and  150  cycles.  A  variation  uses  a 
10-kc  subcarrier  that  is  frequency- 
modulated  at  60  cycles  to  indicate 
on-course  for  the  localizer  by  phase 
comparison.  These  ILS  systems  can 
be  hooked  up  with  the  autopilot  for 
automatic  approach  control. 

The  Sperry  microwave  version  of 
ILS  operates  on  2,650  me,  with  600 
and  900  cycle  modulation.  The  sys¬ 
tem  is  now  in  the  preproduction 
stage. 

The  ground  controlled  approach 
system  (GCA)  presented  by  CAA 
is  a  combination  of  search  and  pre¬ 
cision  scan  radar  units  that  permits 
operators  on  the  ground  to  talk  a 
plane  down  by  radio.  No  special 
equipment  is  needed  in  the  airplane, 
but  ground  equipment  is  complex 
and  requires  three  to  five  operators. 
The  Navy  has  adopted  GCA  as 
standard  for  all  its  airfields  in  this 
country  and  overseas,  and  will  man 
39  units  this  winter.  A  GCA  unit 
will  soon  be  installed  at  LaGuardia 
Field  for  use  of  commercial  air¬ 
craft.  The  Navy  has  made  65,000 
GCA  landings,  469  of  which  were 
under  actual  instrument  conditions. 
No  plane  making  its  final  landing 
approach  under  instrument  condi¬ 
tions  has  had  an  accident  while 
under  control  of  Navy  GCA. 

Traffic  Control  at  Airports 

Use  of  high-power  10-cm  search 
radar  at  an  airport  enables  control 
tower  crews  to  see  on  a  screen  the 
positions  of  all  aircraft  within  up 
to  30  miles  of  the  airport,  for  guid¬ 
ance  in  directing  traffic  and  moni¬ 
toring  holding  patterns  of  planes 
waiting  to  land.  A  video  mapping 
system  permits  simultaneous  pro¬ 
duction  of  maps  on  the  screen, 
showing  runways,  obstructions, 
beacon  and  marker  locations,  and 
airport  locations  in  correct  relation 
to  planes  in  the  air.  Moving  target 
indication  (MTI)  may  be  added  to 
subdue  ground  clutter  in  the  vicin¬ 
ity  of  the  radar  antenna  by  increas- 


Equipment  for  Research 
Dteveiopment  •  Maintenance 


Largest  Stocks  •  Complete  Service 
From  one  Central  Supply  Service 

Leading  industrial  and  engineering  firms  depend 
on  the  ALLIED  Catalog  as  their  Buying  Guide 
for  everything  in  radio,  electronics  and  sound. 
Lists  more  than  10,000  quality  items  .  .  .  radio 
and  electronic  parts,  vacuum  tubes,  tools,  test 
instruments,  audio  amplifiers,  accessories  .  .  . 
complete  lines  stocked  by  a  single  reliable  source. 
Try  ALLIED’S  expert,  specialized  industrial 
service.  Send  for  FREE  Catalog  now! 


Sound  Equipment 

See  ALLIED’S  \0ide  selection 
of  Intercom,  Paging  and  Pub¬ 
lic  Address  systems.  Models 
for  every  industrial  purppse. 


ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dept.  24-M*6.  Chicago  7,  Illinois 


STANDARD  SIGNAl  GENERATOR  Model  80 


CARRIBt  FREQUOICY  RANGE:  2  to  400  megacycles. 

OUTPUT:  0.1  to  100,000  microvolts. 

50  ohms  output  impedance. 

MODULATION:  AM  0  to  30%  at  400  or 
1000  cydes  IntemoL 
Jock  for  external  audio  modulation. 

Video  modulation  fack  for  connection  of  external 
pube  generator. 

POWER  SUPPLY:  117  voHs,  50-60  cycles. 

DIMBfSIONS:  Width  19^  Height  10%",  Depth  9M**. 

WBONT:  Approxhnotely  35  lbs. 

SuHoble  connection  cables  and  matching  pods 
con  be  suppQed  on  order. 


•MROFACTURERS  of 

SIfsai 

^Bmerstors 
W  Sifsai  Gmurrtors 

Tuhe  Veltimtes 
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RADIO  ENGINEERING  SHOW 

to  be  at 

GRAND  CENTRAL  PALACE 

March  3-6 


NOT  ot  the  34th  Street  Armory.  We 
outgrew  that  place  and  were  lucky 
enough  to  get  space  at  Grand  Central 
Palace  .  .  .  the  biggest  exhibition  hall 
in  New  York,  for  the  biggest  radio 
engineering  show  in  historyl 

Admission  to  Grand  Central  Palace 
and  all  lectures  free  to  members  of  The 
Institute  of  Radio  Engineers.  $3.00  ad¬ 
mission  for  non-members. 

Have  you  made  your  plans  yet  to 
attend  the  show? 

(Incidentally,  better  make  hotel 
reservations  well  in  advance!) 

Wm.  C.  Copp,  Exhibits  Manager 

THE  INSTITUTE  OF 
RADIO  ENGINEERS 


I  E.  79TH  ST.,  N.  Y.  21 


Circle  6-4357 


Find  Out  Now  About 

★  STAR^ 
CERAMICS 


There  are  many  kinds  ior 
special  uses,  such  os  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  “A  Brief  Survey 
of  Technical  Characteristics 
of  molded  Ceramic  Prod¬ 
ucts/*  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO 

Eleetrosics  Dept. 

Trenton  9,  N.  J. 


■  "SI  . 
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NEWS  OF  THE  INDUSTRY  (continuadj 

ing  the  contrast  between  desired 
and  undesired  indications. 

The  CAA  vertical  separation  in¬ 
dicator  for  airport  traffic  control 
employs  an  airborne  transmitter 
controlled  by  an  aneroid  cell  be¬ 
tween  limits  of  148  and  154  me  so 
that  frequency  is  a  linear  function 
of  the  altitude  of  the  airplane.  A 
panoramic-type  receiver-indicator 
on  the  ground  shows  by  means  of 
pips  on  a  calibrated  scale  the  alti¬ 
tudes  of  all  planes  within  range  that 
are  equipped  with  the  special  trans¬ 
mitters.  A  similar  indicator  in  the 
airplane  is  calibrated  between 
minus  1,500  feet  and  plus  1,500  feet 
to  show  only  pips  of  planes  at  ap¬ 
proximately  the  same  altitude. 

In  anticipation  of  traffic  heavier  ^ 
than  30  to  40  flights  per  hour  along 
a  route.  The  Teleregister  Corpora¬ 
tion  of  New  York  City  has  devel¬ 
oped  a  system  of  automatic  aids  for 
obtaining  position  reports  from 
planes  en  route  and  sending  in¬ 
structions  automatically  to  planes. 

Systems  for  Future  Use 

Lanac,  standing  for  Laminar 
Navigation  Anti-collision  System, 
is  a  complete  integrated  all-weather 
flying  system  proposed  by  Hazel- 
tine  Electronics  Corp.  for  future 
ifte.  It  includes  navigation,  fixed- 
obstacle  avoidance,  anticollision 
by  lamina  segregation,  traffic  sur¬ 
veillance  by  ground  observers,  and 
instrument  approach.  It  will  oper¬ 
ate  in  the  1,000-mc  band,  using  an 
airborne  challenger  and  replier  and 
a  ground  challenger,  beacons,  and 
cathode-ray  display. 

Navar  consists  essentially  of  a 
1,000-mc  distance-measuring  equip¬ 
ment  (DME)  serving  simultane¬ 
ously  as  a  Racon  (airborne  re¬ 
sponder  beacon)  to  assist  ground 
radars.  Ground  equipment  includes 
an  S-band  search  radar  and  a  1,000- 
mc  responder  for  the  DME.  A  com¬ 
plete  demonstration  by  Federal 
Telecommunication  Laboratories  is 
expected  early  in  1948. 

Teleran  is  a  combination  of 
ground  radar,  airborne  transpond¬ 
ers,  and  television  transmission 
from  ground  to  aircraft,  proposed 
by  Radio  Corporation  of,  America 
for  air  navigation,  traffic  control, 
collision  prevention,  instrument 
landing,  talk-down  landing,  auto¬ 
matic  landing,  automatic  flight,  etc. 
The  pilot  sees  on  his  television 


Mr.  H.  B.  K. 

of  Long  branch,  N.  J.* 
says, 

"I  am  employed  as  a 
radio  mechanic  at  the 
Signal  Corps  Labora¬ 
tories  at  Fort  Mon¬ 
mouth.  In  my  work  1 
have  many  times  used 
Kwikheat  Soldering 
Irons.  I  had  never 
seen,  nor  heard  of 
your*irons  until  I 
came  here,  but  I 
am  certainly  con¬ 
vinced  that  they  are 
the  best  irons  that  can  be 
obtained.  They  (Kwik- 
heats)  are  a  real  pleas¬ 
ure  to  work  with.” 

*  Letter  on  file  at  our  office 


Advance  hermetically  sealed  relays 
maintain  their  original  efficiency 
under  adverse  conditions.  Dust, 
moisture,  oil  or  fungus  cannot 
reach  precisely  adjusted  parts. 
Approved  for  installation  as  non¬ 
sparking  equipment  where  there  is 
danger  from  inflammable  vapors. 
Also  eliminate  failure  due  to  arc¬ 
ing  or  condensation  in  low  atmos¬ 
pheric  pressures.  Properly  adjusted 
at  the  factory,  they  maintain  adjust¬ 
ment  in  spite  of  temperature  varia¬ 
tion,  and  also  are  tamper  proof. 
Model  C-5  relay  can  enclose  Series 
1500-1600  or  ^ries  6000  (midget 
telephone  type  relay).  Two  mount¬ 
ing  screws  are  provided.  All  con¬ 
nections  solder  to  terminal  wires 
projecting  through  the  ceramic 
Steatite  insulation  disc.  Available 
in  models  up  to  4  pole  double 
throw  with  either  AC  or  DC  coils. 
Overall  size:  15^-in.  diam.  by  214- 
in.  high. 

The  C-12  is  an  octal  base,  plug-in 
type  relay  of  similar  size  to  C-5  but 
installed  like  a  radio  vacuum  tube. 
Insulation  is  Bakelite.  Overall  size 
IH-in.  diam.  by  3H-in.  high. 

Any  other  Advance  relays  can  be 
furnished  on  special  order  in  her¬ 
metically  sealed  brass  containers 
and  with  specified  type  of  connec¬ 
tions. 

Our  engineers  are  at  your  service. 
Let  us  work  with  you. 


Check  These  Mony 
KWIKHEAT  Feotvres... 

•  HMnnostatic  Caatrel 

•  Haats  in  90  fconds 

•  UcM  wdeht  (13K  nzs.) 


SIX  1 
TIP  1 
styles' 
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PILOT  LIGHT 


Socket  Housings 


Custom  Molded... !•  mni  i^cHit 

r«qulr«Riints...  by  on  txptriin(«4  or|anizatioA 
. .  toeltd  f*r  lh<  prodactit*  of  plpstio  parts 
for  olKtricol  tr  gantral  applications.  Inqairits 
acknowladgtd  promptly. 


oMuliveit  a^ioCdliui 

find  •  ilk  - 1 


335  NORTH  WHIPPLE  ST. •CHICAGO  13,  ILL. 


2-142-V4W 


JONES  BARRIER 
TERMINAL  STRIPS 

Bakelite  Barriers 
placed  between 
Terminals  Increase 
the  leakage 
and  preTent  direct 
shorts  from  frayed 
2.149  wires  at  Terminals. 

Terminals  and 
screws  ore  of  nickel 
plated  brass.  Insu* 
Icrtion  Is  of  BM 120 
molded  Bokelite. 

ninstrated  are  three 
types:  Screw  Terml- 
2.142-y4W  SSs.  Screw  and 

^  ^  solder  Terminals  cmd 

Screw  Terminal 
aboTe  pcmel  with 
solder  Terminal  be* 
low.  For  erery  need. 

Six  series  coTsr  etr- 
2.142.Y  *'T  requirement: 

No.  140  —  5-40 
screws.  No.  141 — 6-32  screws.  No.  142 — 
8-32  screws.  No.  150 — 10-32  screws.  151 — 
12-32  screws  cmd  No.  152 — Vi-28  screws. 

These  sturdy  Terminal  Strips  will  not  only 
improTo  your  electrical  connections  but 
will  add  considerobly  to  the  appearance  of 
your  equipment  A  t^y  modem  TermlnaL 

Write  todoy  for  cotcdog  No.  14  Ustfnq  our 
complete  Ibe  of  Barrier  Strips  In  addition 
to  other  Electrical  Connecting  Derices. 


HOUJflRD  J0n€S  Division 

CinCH  m^G  CORP 

2460  ULi  G€ORG€  ST.  CHICAGO  18 


2-142-Y 


mR 


There’s  never  been  a  tester  like  this! 


Here’s  a  tester  with  dual  voltage  regulation  of  the  power  supply 
DC  output  (positive  and  negative),  with  line  variation  from  90 
to  130  Volts.  That  means  calibration  that  stays  “on  the  nose”’ 
That  means  broader  service  from  a  tester  that  looks  as  good  a 
the  vastly  improved  service  it  provides.  This  model  include; 
our  Hi-Precision  Resistor  which  oulmodes  older  types.  Detailed 
catalog  sheets  on  request.  Write  today. 


ELECTRICAL  INS 


BLUFFTON.  OHIO 


toroida^^,^ 

filters 


. . .  are  the  answer  ^ 

to  any  network  problem  : 

■  SHARP  CUT4>FF  ( 

■  LOW  INSiRTiON  LOSS 

■  HUM  PROOF 

■  COMPACT 

■  HIGH  STABILITY 

I  Toroidal  Coils 

inductonco— I  MHY  to  3  HYS  v> 

Freqveacy~>300  cy.  to  30,000  cy. 

“O’-SS  at  1000  cy.j  ISO  at  3000  cy. 

Asit  to  be  pot  on  moHmg  list  for  complete 
cotaloguo  of  coils  ond  filters. 


^-30 


tn  o  o  moiooictoo 

M  w  ~  •“■“MM 

%  OF  CENTER  FREQ. 


Acloot  measoremenft  token  on 
Toroidal  Coil  Filter  monufactured 
by  8wfnell  &  Co. 


flwi*veU.  S.  Ga. 

10-12  VAN  CORTLANDT  AVE.  EAST.  BRONX  58.  N.  Y..  SEdgwick  3-1593 


Designers  and  Manufacturers 
of  Electronic  Products 


I 


s  ‘1' 
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RAYTHEON  MANUFACTURING  COMPANY 
Industrial  Electronics  Division,  Waltham  54,  Mass. 
Sales  Offices:  Atlanta  •  Boston  •  Chico^o  •  Cleveland 
Louisville  •  New  York 


LOGARITHMIC  AC  VOLTMETER 
-WIDE  BAND  amplifier- 


slash  SCREW  COSTS  86% 

By  Mens  Of  Special  Devetopeets 


KEENE,  N.H.  (Special) 


Modern  methods 
applied  to  screw  manufacture  were  cited  today 
as  responsible  for  the  incredible  saving  of 
86%  in  screw  costs  for  a  customer  of  the  New 
England  Screw  Company  of  this  city.  Figures 
show  that  the  customer  was  paying  $3.75  a 
thousand  for  screws  from  another  source  and 
that  New  England  Screw  furnished  the  same 
product  for  only  53c. 

The  customer  first  approached  New  England 
Screw  when  they  became  dissatisfied  with 
deliveries  and  service  from  another  manufac¬ 
turer.  Already  far  behind  in  production,  they 
had  little  hope  of  catching  up,'  much  less  of 
saving  my  money. 

“Our  delivery  s,chedules  had  to  be  set  so 
high,**  recalled  the  president  of  New  England 
Screw,  “they  didn*t  dream  we  could  maintain 
them.  But  we  did!  And  saved  them  86%  in  the 
bargain!** 

One  of  the  many  special  screws  made  by 
this  firm  is  shown  in  the  illustration  at  the  left. 
New  England  Screw  has  been  making  standard 
and  special  screws  and  headed  shanks  for  over 
.  1.1  I  I  50  years,  and  their  mod- 

em  manufacturing  meth- 
N.  ods  are  described  in  an 
interesting  catalog  which 
will  be  sent  to  any  com- 
'W  pany  requesting  it.  En- 

jj'  M  gineers  of  any  manufac- 

turer  using  screws  or 
headed  shanks  are  in- 
vited  to  consult  with 
their  Engineering  De- 
partment  which  will  glad- 
ly  co-operate. 


Advanced  De¬ 
sign  gives  you 
a  sensitivity 
and  frequency 
response  never 
before  ob¬ 
tained.  ' 


No  other  Voltmeter  offers  all  these  advantages 

•  Range  .0005  to  500  volts  •  Linear  DB  scale 

•  Frequency  5  CPS  to  2.0  MC  •  Input  2  Megohm  15  MMF 

•  Logarithmic  voltage  scale  •  Accuracy  zt2% 

•  Stability  ±1%  105  to  125  V. 

Ideal  for  Audio,  Supersonics.  Lower  Radio  Frequency  Spectrum. 
Measures  Stage  Gain,  RF  and  IF  Amplifiers  on  Broadcast  Receivers. 

Write  For  Complete  Information 

Instrument  Electronics 

42-17  Douglaston  Parkway  Douglaston,  L.  I.,  N.  Y, 


NEW  ENGLAND  SCREW  CO 

KEENE,  NEW  HAMPSHIRE 


High-Speed  Precision  WELDING 


light  gauge 
non-ferrous 
metals 


This  photograph  shows  a  typical  assembly  oper* 
ation  in  a  radio  parts  plant ...  welding  0.025'  dia. 

.  nickel  plated  copper  wire  to  light  gauge  brass 
'  clips  mounted  on  a  bakelite  paneL  Scores  of  man¬ 
ufacturers  of  these  and  other  types  of  delicate 
non-ferrous  metal  assemblies  are  now  doing  a  better  job  in  less  time  at  lower 
cost . . .  with  the  RAYTHEON  Condenser  Weldpower.  Changing  from  slow,  costly 
soldering  operations  or  use  of  too-large,  too-costly  bench  welders,  these  users 
find  the  RAYTHEON  56  m.f.d.  and  200  m.f.d.  units  are  accurate,  fast,  economi- 
caL  Write  for  detailed  information.  Ask  for  Bulletin  DL-W-507. 


RADIONIC  EQUIPMENT  CO. 

170  Nsmu  8t.,  Dapt.  4012.  Ntw  Yark  7,  N.  Y. 

Pleue  aend  ma  a  FREE  copy  of  srour  1947 
Catalog.  I  understand  it  haa  thousanda  of 
items  Illustrated,  described  and  priced  and 
will  be  a  great  help  to  me  in  my  search  for 
"hard'to-flnd”  radio  equipment. 


Name 


Address 
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screen  only  data  pertinent  to  his 
position  and  altitude.  Flight  tests 
are  scheduled  for  1947. 

Shoran  is  a  short-range  naviga¬ 
tion  system  employing  a  form  of 
radar  for  accurate  positioning  of 
an  aircraft.  A  transmitter  in  the 
plane  sends  out  a  pulse  that  triggers 
two  fixed  stations,  which  in  turn 
transmit  pulses  to  a  receiver  and 
timer  in  the  plane. 

New  IRE  Officers 

Xew  president  of  the  Institute  of 
Radio  Engineers  for  1947  is  Dr. 
W.  R.  G.  Baker,  vice-president  of 
General  Electric  Co.  in  charge  of 


W.  R.  G.  Baker,  new  IRE  preiident 

electronics.  He  will  take  office 
shortly  after  the  first  of  the  year, 
succeeding  F.  B.  Llewellyn  of  Bell 
Telephone  Laboratories. 

The  vice-president  for  1947  will 
be  Noel  Ashbridge,  deputy  director- 
general  of  British  Broadcasting 
Corp.,  London. 

Three  new  directors  were  elected 
to  serve  for  1947-1949:  Murray  G. 
Crosby,  consulting  engineer  with 
Paul  Godley  Co.,  Upper  Montclair, 
N.  J.;  Raymond  F.  Guy,  radio  facil¬ 
ities  engineer  with'National  Broad¬ 
casting  Co.,  New  York;  Raymond 
A.  Heising,  patent  engineer  with 
Bell  Telephone  Laboratories,  New 
York. 


SPEAKERS 


make  the  difference 


•  The  finest  receiver  (from  every 
other  design  standpoint)  can 
only  be  as  good  as  the  speaker  it 
houses.  G-E  speakers  have  been 
built  to  make  good  receivers 
better.  The  check  list  of  outstand¬ 
ing  features  given  below  will  tell 
the  story  to  your  design  engineers 
— the  resultant  higher  quality  per¬ 
formance  will  tell  the  story  to 
your  consumer  market. 


Aluminum  Ml  Base  Voice  Coil 


Better  Tone  Quality  and  Reproduction  •  Unusually 
High  Wattage  Handling  Capacity  •  No  Warping  of 
Voice  Coil  •  Unaffected  by  Humidity  and  Ambient. 
Temperatures  •  Free  From  Ageing  Due  to  Over- 
Loading  Voice  Coil. 


Alnico  V  Permanent  Magnets 


Expands  Design  Possibilities  •  Overall  Greater 
Efficiency  •  Greater  Sensitivity  •  Reduction  in  the 
Possibility  of  Mechanical  and  Electrical  Failures. 

All  Weld  Construction 


Better  Controlled  Airgaps  •  Increased  Efficiency  • 
Rigidity— Strength— Durability. 


Consult  General  Electric  now,  for  your  1947  speaker  require¬ 
ments.  Write  to:  General  Electric  Company,  Electronics 
Department,  E68I0,  Syracuse  1,  N.  Y. 


Television  Conference 

A  RECORD  CROWD  for  television,  offi¬ 
cially  recorded  as  1,200  for  the 
banquet,  attended  the  Second  Tele- 
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[Double  endl 
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This  graph  shows  frequency  ranges 
covered  by  each  unit.  Write  vs  for 
your  full-size  copy. 


Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
!4  to  184  me 

For  strip  amplifier  work,  the 
compact  (1}^"  high  when 
mounted)  Li^  Coil  is  ideal. 
Also  for  liters.  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

five  Standard  Windings  — 

1, 5, 10, 30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  easy  to 
assemble,  one  hole  is  aU 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPICIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  i^ost 
any  size  and  style  of  wind¬ 
ing. ..to  the  most  particu¬ 
lar  manufacturer's  specifi¬ 
cations. 


^ V  t 

^  A  u  r 

Cuiiom  Engineering  .  .  .  bfandordized  Designs  ,  . 

Guoronfeed  Materials  and  WorkmansKip 
CAMBRIDGE  THERMIONIC  CORPORATION 

437  Cancord  Avenue,  Cambridge  38,  Moss. 


NEWS  OF  THE  INDUSTRY  (continusd) 

vision  Conference  and  Exhibition 
of  the  Television  Broadcasters  As¬ 
sociation,  held  at  the  Waldorf-As¬ 
toria  hotel  in  New  York  City  Oct. 
10  and  11.  Despite  flickering 
screens,  ghost  images,  unexplained 
fadeouts,  blurred  images,  and  high 
prices  (in  relation  to  screen  size 
and  prewar  figures)  for  the  few 


In  recognition  of  their  work  in  developing 
the  image  orthicon.  Dr.  Albert  Rose,  Dr. 
Harold  Bell  Law,  and  Dr.  Paul  K.  Welmer 
of  RCA  Laboratories.  Princeton,  N.  I.,  were 
presented  with  owards  ot  the  TBA  Second 
Television  Conference  and  Exhibition.  This 
tube  freed  television  from  limitations  aris¬ 
ing  from  previous  necessity  for  high-in- 
tensity  illumination 

receiver  models  shown,  many  of 
those  who  attended  are  enthusi¬ 
astically  heralding  the  Conference 
as  the  second  rebirth  of  commercial 
television.  Conspicuous  by  its  ab¬ 
sence  was  Columbia  Broadcasting 
System,  whose  color  television  sys¬ 
tem  has  caused  much  controversy. 
An  ad  saying  simply  “Compliments 
of  a  friend”,  printed  in  six  colors  in 
the  official  program  booklet,  aroused 
much  conjecture. 

J.  R.  Poppele,  president  of  TBA, 
declared  that  the  Conference  and 
Exhibition  will  provide  conclusive 
evidence  that  television  is  ready  to 
proceed  on  a  greatly  expanded  com¬ 
mercial  basis  and  that  the  new  in¬ 
dustry  is  well  on  the  way  to  becom¬ 
ing  one  of  the  most  important  in 
the  nation. 


Radio  Production  Figures 

Production  of  3,242  television  re¬ 
ceivers  in  September  highlights 
that  month’s  production  figures  as 
released  by  RMA.  Other  figures 
show  a  drop  from  the  all-time 
production  record  established  in 
August.  Total  September  RMA 


A  major 
advancement 
in  the 

recording  blank 
field . . . 


GUARAHTEE 


GOUID-MOODT 

'^&ac4Sea^'’ 

ALUMINUM 
RiCORDING  BLANKS 

no  in€rma$0 
in  prico  I 


Aftvr  prolengod  r«s«areh  and  oipnrl* 
mnntation.  wn  have  intreduend  tn<Ane- 
logical  improvnmnntt  Info  '‘Block 
Snol"  blanks  tbof  net  only  Incrnoso  lifn 
span,  bvt  materially  ^enhance  tlie  oHier 
finer  characteristics  of  these  blanks. 
And  so  positive  are  we  of  the  worth 
of  these  perfected  "Black  Seals"  that 
sre're  offering  them  to  you  on  on  un¬ 
conditional  ten-year  guarantee  bosh. 

You  cen'r  afford  to  bo  a 
racoreffng  hohthnist  e  e  % 

"Block  Seal"  blanks  will  not  rip  up, 
disintegrate  or  powder  after  the  fi^ 
playing  if  kept  In  storage  for  any 
iong  period  of  time.  You  ore  in  no 
danger  of  losing  valuable  recordi{«gs 
in  what,  up  until  now,  you  have  con¬ 
sidered  your  safe  library  of  recording 
blanks.  No  matter  how  well  you  may 
be  satisfied  with  your  present  blanks, 
you  can't  afford  to  be  a  recording 
isolationist.  Try  "Black  Seals"— H.  for 
any  reason  whotsoever,  you  oree't 
satisfied,  return  them  gt  gyr  tkpMse. 
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ROWE  NO.  7  PERMANENT 
MAGNETIC  DRIVER  UNIT 


A  lonq  lasting  unit  that  provides 
extra  power  with  a  minimum  oi 
break-downs  and  replacements. 
Overcomes  the  many  annoyances 
that  long  have  been  troublesome  to 
sound  engineers. 

The  3  lb.  4  os.  ALNICO  heavy  duty 
magnet  ....  the  one-piece  metal 
diaphragm  with  voice  coil  mounted 
thereon  ....  the  heavy  gauge  steel 
and  brass  parts  are  iust  a  lew  oi 
the  reiinements  in  design  and  con¬ 
struction.  Write  for  circular  84 
which  gives  complete  details. 


electronics  DIVISION 


^ucluslri 


3120  MONROE  ST., TOLEDO  6, OHIO 


MORE  HEAT 

PER  POUND  OF  WIRE 

.ilk  KANTHAL 

RESKTANCE  AUOY' 


Kcmthal  Alloy  A-1 
allows  continuous 
service  tempera¬ 
ture  of  2462"*  F. 
with  resistivity  oi 
872  Ohms /C.M.F. 
at  eS**  F. 


•  WIRE,  RIBBON  OR  STRIP 

The  Kanthal  Handbook,  comprislns  113 
pages  of  complete  technical  reference 
material  covering  all  data  on  the  prop¬ 
erties,  Helds  of  application,  and  design 
considerations  of  the  Kanthal  alloys, 
will  be  sent  iipttn  request  to  engineers 
^  writing  on  company  lei- 

<i\  terheads. 


THE  C.  0.  JELLIFF  MFG.  CORP. 


FOR  MEASUREMENTS  OF 

•  REVERBERATION  TIME  •  DECAY  OF  SOUND 
•  SOUND  INTENSITY  •  LOUDNESS 


HIGH  SPEED 
RECORDER 
MODEL  PL 


interchangeable 

input 

potentiometers 


THE  GRAPHIC  RECORDER  FOR  THE  MODERN  ACOUSTICAL  ENGINEER 

Ask  for  Uferafure  from  the  Designers  &  Manufacturers 


SOUND  APPARATUS  CO 


233  BROADWAY 


NEW  YORK  7,  N 


Over  1000  Sizes 


['lij 


"  •  y  of 

o'  " 

,bo» 

DbV'9 


Square  •  Rectangular  •  Triangular 

Round  and  Half-Round 

With  a  wide  range  of  stock  arbors  . . .  plus  the 
specialized  ability  to  engineer  special  tubes  .  .  . 
PARAMOUNT  can  produce  the  exact  shape  and  size 
you  need  for  coil  forms  or  other  uses.  Hi-DieUctric, 
Hi-Strength.  Kraft,  Fish  Paper,  Red  Rope,  or  any 
combination,  wound  on  automatic  machines.  Tol¬ 
erances  plus  or  minus  .002*.  Made  to  your  speci¬ 
fications  or  engineered  for  YOU. 

Inside  Perimeters  from  .592’  to  19.0* 


SOUTHPORT  —  CONN 


PARAMOUNT  PAPER  TUBE  CORP. 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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COPPER  OXIDE 
RECTIFIERS 


■4 


IDEAL  FOR  AUTOMATIC 
CURRENT  CONTROL 


"Coprox”  rectifiers  may 
be  your  answer  to  more 
efficient  current  control. 
Their  varistor  character¬ 
istics  mohe  them  ideal  for 
automatic  current  valving, 
current  limiting,  current 
blocking,  as  well  as  cur¬ 
rent  measurement. 

Bradley  rectifiers  are 
designed  to  give  you 
trouble-free  service.  Their 
electrical  characteristics 
remain  stable  indefinitely 
When  operated  within 
normal  rating,  their  life  is 
unlimited. 

Send  for  curves  show¬ 
ing  current,  voltage,  re¬ 
sistance  and  temperature 
characteristics  of  Bradley 
copper  oxide  rectifiers. 

Illustrated  lit€»rature,> 
a voilobte  on  request, 
diows  more  models  of, 


copper  oxide  rectifierv 
plus  a  line  of  selenium 
recHfiers  ond  photocells. 
Write  for  'The  Brodley 
line." 


BRADLEY 

LABORATORIES.  INC. 


82  Meadow  St.  New  Haven  10,  Conn. 


NEWS  OF  THE  INDUSTRY  (continuad) 

member-company  production  was 
1,323,291  sets,  of  which  105,344 
were  radio-phonograph  consoles 
and  17,541  were  sets  with  f-m 
bands.  All  but  a  few  of  the  tele¬ 
vision  sets  were  direct-viewing 
video-radio-phonograph  combina¬ 
tion  types.  The  CPA  estimate  for 
September  was  1,500,000  sets,  as 
compared  to  1,700,000  for  August. 


Television  Station  Status 

According  to  an  FCC  release,  as  of 
Sept.  25,  1946  there  were  6  licensed 
television  stations  rendering  broad¬ 
cast  service,  31  outstanding  con¬ 
struction  permits  authorizing  new 
stations,  14  applications  designated 
for  hearing  and  awaiting  decision, 
11  applications  pending  disposition 
of  hearings  in  related  cases,  10  ap¬ 
plications  pending  receipt  of  infor¬ 
mation  requested  by  the  Commis¬ 
sion,  and  6  applications  being 
processed. 


MEETINGS  TO  COME 

Dec.  2-7;  National  Power  Show; 
Grand  Central  Palace,  New  York 
City. 

Dec.  5-7 ;  Joint  Emsa  and  Asxred 
Winter  Meeting;  Mellon  Institute 
of  Industrial  Research  and  Univ.  of 
Pittsburgh,  Pittsburgh,  Pa.;  spon¬ 
sored  by  Electron  Microscope  So¬ 
ciety  of  American  and  American 
Society  for  X-ray  and  Electron 
Diffraction;  make  dinner  reserva¬ 
tions  with  Dr.  Max  Lauffer,  Univ. 
of  Pittsburgh. 

Jan.  27-31 ;  Electrical  Engineer¬ 
ing  Exposition;  held  concurrently 
with  AIEE  winter  convention ;  71st 
Regiment  Armory,  New  York  City. 
March  3-6;  Ire  Winter  Meeting; 
Hotel  Commodore,  New  York  City, 
with  Radio  Engineering  Show  at 
34th  Street  Armory. 


BUSINESS  NEWS 


COAXIAL 

CABLE 

CONNECTOR 


*  Easy  to  install 

•  Watertight 
•Seals  Cable  Ends 


SERVES  AS  CENTER 
INSULATOR  ON 
HALF-WAVE  DOUBLET 

The  new  B  &  W  CC-50’ Connector 
does  an  excellent  job  of  providing  a 
waterproof  termination  for  a  coaxial 
line  where  it  joins  the  center  of  a 
half-wave  doublet  antenna.  Made  of 
cast  aluminum  with  steatite  insula¬ 
tion  and  forged  steel  eyebolt  with 
easy  soldering  connections.  Weighs 
only  12  ounces.  Absolutely  water¬ 
tight.  Write  for  details.  , 


Stromberg-Carlson  Co.,  Rochester, 
N.  Y.,  has  leased  the  five-story 
Mayer  block  in  Erie,  Pa.  for  the 
manufacture  of  table  model  radios 
and  undisclosed  new  products. 

Special  Products  Co.,  Silver 


BARKER  & 
WILLIAMSON 

Inductor  Coil  Headquarters 

237  Fairfield  Ave.,  Upper  Darby,  Pa. 
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•  SOFT  SOLDER  RINGS 
AND  PREFORMS 

•  SILVER  SOLDER  RINGS 

•  COPPER  BRAZING  ^ 
RINGS 


With  T2PC  Plastic  Lens 


With  T2MC  Glass  Lens 


Here  is  your  chance  to  secure  those 
hard-to-get  tubes  you  need.  Standard 
Arcturus  places  at  your  disposal  a 
diversified  supply  of  tubes  of  every  type 
and  description  —  both  War  Assets 
Administration  surplus  and  regular 
stock.  Every  tube  is  subjected  to  rigid 
testing  and  servicing,  including 
packaging. 


ration; 


STANDARD  ARCTURUS  C 


1  ne  supply  ot  some  types  is  limited 
To  get  the  Standard  Arcturu: 
monthly  announcements  of  availabL 
types  of  War  Assets  Administratioi 
surplus  tubes,  clip  the  coupon  belov 
and  mail  it  at  once  with  a  complete  lis 
of  your  requirements.  , 

FILL  IN  &  MAIL  TODAH 


2  Standard  Arcturus  Carp.,  101  Sussex  Ava., 
Nawork  4,  N.  J. 

2  Plaasa  sand  ma  manthly  lists  of  availabla 
W.A.A.  tubas. 


I  Company. 


^ICS 


rW/N  POWER  SUPPLY 


THE  H.  R.  KIRKLAND  COMPANY 

8  King  Street  Morristown,  N.  J. 


T2  lampholder,  molded  of  bakelite, 
holding  lip,  dia.  1 1/ 16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  consumption  bulb 
(0.038  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 

WRITE  TODAY  FOR  CATALOGUE 


Large  range  of  wire 
sizes  carried  in  stock 
for  immediate  fabri¬ 
cation  into  Rings  and 
Preforms. 


ELECTRONIC  SPECIALTIES 


MANUFACTURING  COMPANY 

127  Noxth  Bfain  Straat,  Elkhazt,  Indiana 


Twin  Power  Supply  Model  210  Complete  $115.00  F.O.B.  Chicago 
Dimensions:  16'  x  8*  x  S'  Shipping  Wt.  35  lbs. 

(Other  types  for  your  special  requirements) 


KIRKLAND  Pioneer 


i  42 


Align  Yourself 
with 


ARCTURUS 


The  Oldest  Name 
in  Radio  Tubes ! 


•  Output  voltage  varia¬ 
tion  less  than  with 
change  from  0  to  full 
load. 

e  Output  voltage  varia¬ 
tion  less  than  1  V.  with 
change  from  105  to  125 
A.C.  Line  Voltage. 

•  Output  ripple  and 
noise  less  than  .025  V. 


Regulated  for 
precise 
measurements 


175-350  V.  at  0-60  Ma.,  terminated  and  controlled  Independently, 
may  be  used  to  supply  2  separate  requirements. 

0-175  V.  at  0-60  Ma.  for  single  supply. 

175-350  V.  at  0-129  Ma.  for  single  supply. 

In  addition,  a  convenient  6.3  V.A.C.  filament  source  is  provided. 
The  normally  floating  system  is  properly  terminated  for  external 
grounding  when  desired.  Adequately  protected  against  overloads. 


Two  independent  sources  of  con¬ 
tinuously  variable  D.C.  are  com¬ 
bined  in  this  one  convenient  unit. 

Its  double  utility  makes  it  a  most 

useful  instrument  for  laboratory  and  test  station  work.  Three 
power  ranges  are  instantly  selected  with  a  rotary  switch: 


FUXiST 


EX.ECTROMZCS' 


800  W.  NORTH  AVENUE,  CHICAGO  22,  ILLINOIS 


NEWS  OF  THE  INDUSTRY  (continued) 

Spring,  Md.  announces  its  entry 
into  the  industrial  photo  relay  field 
with  units  designed  and  engineered 
by  G.  W.  Rhein. 

Asco  CoRP.,  Cleveland,  Ohio,  has 
moved  to  a  new  and  larger  plant  at 
17702  Waterloo  Road. 

Federal  Telephone  and  Radio 
CoRP.  announces  it  is  in  full  produc- 


PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


Close  tolerances,  any  quantity- 

Volume  production  and  accuracy  of  BAER  phe*  PUNCHED 
nol  and  vulcanized  fibre  parts  have  resulted 
in  their  wide  specification  for  every  type  of  STAMPED 
product  and  equipment.  Expanded  facilities  SHADED 
now  make  it  possible  to  offer  BAER  production 
to  manufacturers  needing  quality  parts  to  exact  SAWED 
requirements.  Write  today  for  Bulletin  120.  nOff  f  m 


7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J 


First  Federal  10-kw  i-m  broodcast  trans¬ 
mitter  imdergoing  final  tests  before  ship¬ 
ment  to  radio  station  WELD  in  Columbus, 
Ohio 

tion  on  both  3-kw  and  10-kw  f-m 
transmitters. 

Triad  Transformer  Mfg.  Co.,  Los 
Angeles,  Calif,  has  been  formed  by 
L.  W.  Howard  and  O.  D.  Perry,  and 
has  taken  over  the  inventory  and 
equipment  of  Electronic  Compon¬ 
ents  Co.  The  new  firm  will  special¬ 
ize  in  short  orders  and  special 
transformers  for  the  electronic  field. 

Carter  Motor  Co.,  Chicago,  Ill.,  is 
now  relocated  in  its  own  greatly  en¬ 
larged  quarters  at  2644  N.  Maple¬ 
wood  Avenue  having  four  times 
the  previous  floor  area. 

Navy  development  contracts  for 
guided  missiles  were  held  by  the  fol¬ 
lowing  firms  as  of  about  Oct.  15: 
Aerojet  Engineering  Corp. ;  Bell 
Aircraft  Corp. ;  Bendix  Aviation 
Corp. ;  Camden  Eastern  Marine  Co. ; 
Consolidated-Vultee  Aircraft  Corp.; 
Curtiss-Wright  Corp.;  Electronic 
Associates,  Inc. ;  Experiments,  Inc. ; 
Farnsworth  Television  &  Radio 
Corp.;  General  Tire  and  Rubber 
Co.  of  Calif. ;  Hercules  Powder  Co. ; 
Merrill  Engineering  Co.;  North 
American  Aviation,  Inc. ;  Radio 
Corporation  of  America;  Standard 
Oil  Development  Co. ;  Submarine 
Signal  Co. ;  Sylvania  Electric  Prod¬ 
ucts,  Inc.;  United  Aircraft  Corp.; 
and  Wilmotte  Mfg.  Co.  This  list  is 
necessarily  imcomplete  as  contracts 


THE  DEPENDABLE  VARIABLE 
MICA  CAPACITORS 


.  .  .  Our  CN-351  series  are  efficient  RF  trimmer 
capacitors.  Our  CN-55  series  are  dual  IF  padder 
capacitors  (the  latter  series  may  also  be  had  with 
two  fixed  series  capacitors). 

For  full  details,  quotations  and  deliveries: 


CRYSCON 
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The  Quadriga  Manufacturing  Co. 

221  A  West  Grand  Avc.,  Chicago  10,  Illinois 


attention  engineers,  TECHNICIANS! 

Sav*  on  Eloetronie  A 
Communication  SuppliosI 

6200  Volt 

llOV,  Tapped  pri- 

ntary  2KVA.  Freight  charges 
prepaid  to  any  part  of  oontl* 
nental  USA.  Sper-ial  $39.95. 


It 

Hxed  freq.  receiver  (1100 
KC  to  16,500  KC)  xtal  ' 

controlled  superhet  with  11 FO  and  AC  power  supply; 
llOV',  60  cy.  Colls  can  Ite  furnisherl  In  any  of  the  fol¬ 
lowing  groups:  1100-2100  KC:  .3.500-6100  KC:  .5600- 
10,000  KC;  9400- 16. .500  KC:  complete  with  add.  set 
of  tubes  and  one  set  of  coils.  $32.50  less  xtal. 

Full  Wave  Selenium  Rectifier 

Perfect  for  bias  application— 
Use  your  DC  relays  from  an  AC 
sourer*.  Only  requires  3*’xi4" 
mounting  space  Re<*tifler  for  In¬ 
put  up  to  300V  ®  40  ma.  output.  $.89  or  5  for  $4.00. 
Miscellaneous 

Type  803  ceramic  socket  suitable  for  both  803  & 
RK  28,  etc.,  tubes — comes  complete  with  niblrer  and 
aluminum  S'  diameter  shock  mount.  Very  .special  $1.99 

Socket  for  204A,  849 . $1.95 

Hour  counter,  counts  up  to  9999.9  hours.  110  Volts 

AC.  60  cy  . . 

9  conductor  cable  shielded  with  rubber  outside 

"•I'rring . I»pr  foot  $0.12 

1  Coax  cable  R08U  or  ROinr.  Per  100  ft.  $7.50 

I  Coax  couplings  for  standard  .405  cable  silver 

I  plated  chassis  or  cable . $0.40 

I  Coax  right  angle  connectors,  .silver  plated  $0  90 

■  Chattit  feed  thru  femsie  or  both  sides _ $0.79 

■  6B4  Perfect  speech  tube .  $1  39 

■  872A  JAN  tube.. $3.50  866A  JAN  tube!!$l'.39 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  tha 
Standard  Range  are  supplied  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  hove  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  part  in  1,000,000." 


ITJi::.- ft 

OR  SOUIUM  **»* 

,, I,,  «««•"' 

„  J-W*'*  wHh  O'** 

,1  b.  • 

.to<ioy-  _ 


.411  tubes  new  and  guaranteerl 


HIGH  VALUES 

15  to  1,000,000  megohms 


All  our  prices  F.O.B.  our 
warehouse.  New  York,  N.  Y. 
Write  for  our  latest 
Bulletin  I2E 

IMMEDIATE  DELIVERY 


S.S.WHITE 


Ctie^f  /4m€^tUaA  AAAA 


Sensational  Ifjew  Si 


weeping 


Displays 
Pass  Saarf 

Continuous  frequency 
coverage  up  through 
the  color  television 


make  better 
Electronic  Products 


The  MEGA-SWEEP 


You  know  the  washers 
are  righi  when  they  are 
"Quadriga".  More  than 
50  years  of  production 
know-how  means  thor¬ 
ough  washer  protection. 
Prompt  delivery  of  any 
quantity. 

Send  /or  Catalog. 

ALSO  SMALL 
METAL  STAMPINGS 


The  most  versatile  high  frequency  oscillator. 

These  Amatlag  Feo/ares  ore  Found  la  the  MEGA-SWEEF: 

•  Frequency  Range — 50  kilocycles  to  500  megacycles! 

•  Sweep  Frequency — Up  to  40  megacycles! 

•  Frequency  Meter — Measures  from  3  to  800  megacycles! 

•  Continuously  Adjustable  Attenuator — Band  width  1000  megacycles! 

•  Output — Approximately  0.1  volt  at  50  ohms. 

The  MEGA-SWEEP  xhawt  at  a  glance  the  reeponM  of  any  network  or  amplifler.  This  eliminates  the 
tedious  point  to  point  analysis.  Its  uso  saves  engineering  time  and  stimulates  research.  Valuable 
for  television  production  alignment. 

The  MEGA-SWEEP  is  priced  for  wide  use  in  laboratory  and  production  line.  $350.00  FDB 
East  Orange. 

KAY  ELECTRIC  COMPANY 

47  N.  GROVE  ST.  EAST  ORANGE,  NEW  JERSEY 

Mfgs.  of  The  MICRO-PULSER,  Th«  TOUCH-TIMER,  Micro-Wav*  eompoMots  aad  High- 
Frequency  Wavemeters,  and  otiier  specialiaed  electronic  insfrnmenTS. 


■‘MM 


ELECTRONICS  — December.  1946 


/ 


“Bettefi 

ATLAS  SOUND 


^  YOU 


NEWS  OF  THE  INDUSTRY  (continutd) 

are  constantly  being  wound  up  and 
new  ones  entered  into.  The  Army 
may  also  be  issuing  guided  missile 
development  contracts,  but  has  not 
disclosed  the  type  of  product  in¬ 
volved  in  its  contracts. 

Merit  Coil  &  Transformer  Corp., 
Chicago,  Illinois,  has  begun  work 
on  a  new  addition  that  will  approxi- 


THE  IMC  ENGINEER  IS 

On  Your  Staff 


ON  YOUR 
PAY  ROIL 


DOUBLE  REENTRANT 
PROJECTOR 


Many  sizes.  From  15  in. 
air  column  to  6  foot  air 
column. 


Merit  Coil  &  Transformer  Corp.  plant  as  it 
will  appear  after  completion  of  new  addi¬ 
tion  early  in  1947 


360  RADIAL. 
CHANDELIER 
PROJECTORS 


mately  double  the  present  capacity 
of  the  main  plant. 


Double  Reentrant.  For 
driver  units.  3  and  4 
foot  air  column  lengths. 


DRIVER  UNITS 

Various  Power  Handling 
Capacities.  Newest 
types  of  Indestructible 
Phenolic  Diaphragms. 


PERSONNEL 

Lewis  W.  Chubb,  director  of  West- 
inghouse  Research  Laboratories, 
was  awarded  the  John  Fritz  Medal 
and  certificate  by  four  engineering 
societies — ASCE,  AIMME,  ASME, 
and  AIEE — “for  pioneering  genius 
and  notable  achievements  during  a 
long  career  devoted  to  the  scientific 
advancement  of  the  production  and 
utilization  of  electrical  energy”. 

Samuel  G.  Lutz  has  been  appointed 
chairman  of  the  Electrical  Engi¬ 
neering  Department  of  the  College 
of  Engineering,  New  York  Univer¬ 
sity.  In  1940  he  was  project  engi¬ 
neer  in  charge  of  speech  secrecy 
systems  at  Naval  Research  Labora¬ 
tory.  He  directed  important  coun¬ 
termeasures  work  for  the  Navy  in 
1943,  and  in  December '  1944  was 
made  head  of  the  Measurements 
and  Direction  Finding  Section  of 
NRL. 

Walter  B.  Schulte,  founder  and 
president  of  Micro  Switch  Corpora¬ 
tion,  now  a  division  of  First  Indus¬ 
trial  Corporation,  Freeport,  Illinois, 
is  retiring  Dec.  15,  and  will  be  suc¬ 
ceeded  by  William  W.  Gilmore,  ex¬ 
ecutive  vice-president. 

Robert  M.  Bennett,  Jr.  has  been 
appointed  chief  engineer  of  St. 
Louis  Microphone  Co.,  St.  Louis, 
Mo. 

Ralph  A.  Galbraith,  contributing 
author  to  the  MIT  staff  book. 


MINIATURE  TYPE 
REENTRANT 
PROJECTORS— 
BOOSTER  SPEAKERS. 

High-efRciency,  Weath¬ 
er-proof.  Complete 
with  Driver  Unit  and 
Universal  Bracket. 


Call  him  when  you  need 
insulation  assistance 


A  quick  summons  wilt  bring  the 
IMC  Engineer  to  your  side  with  ex¬ 
pert  advice  on  your  most  intricate 
and  stubborn  electrical  insulation 
problems.  He’s  ready  to  . . . 

1.  Assist  in  the  selection  of  the  best 
insulating  material  for  each  spe¬ 
cific  job, 

2.  Give  instructions  as  to  proper  ap¬ 
plication. 

3.  Skiggest  ways  to  eliminate  waste. 

4.  Help  speed  up  and  increase  your 
production. 

He  will  welcome  your  call . . .  any 
time.  Phone  ch*  write  to  the  nearest 
branch  office. 


CONE  TYPE 
PARABOLICS  and 
CHANDELIER  RAFFLES 

for  all  size  cone  speak¬ 
ers.  Wooden  and  Metal 
Cone  Speaker  Enclos¬ 
ures,  Baffles,  Carrying 
Cases,  Loud  Speaker 
Support  Stands  and 
Brackets 


MICROPHONE 
SUPPORT  STANDS 

20  types  and  sizes.  All 
Fittings,  Adaptors  and 
Accessories.  Floor 
Stands,  Desk  Stands, 
Banquet  Stands,  Room 
Stands. 


INSULATION 


Write  for  New  Ulus- 
frafed  Catalog  Sheets 


CHICAGO  6,  565  Wetl  Wothineton  Mvci. 
CLEVELAND  14,1231  Su|Mrior  Ava.,  N.E. 


BRANO^  int  MILWAUKEE,  312  E«tl  Wltcontin 
Av*.}  DETROIT  2,  11341  Woodward  Avo.;  MIN- 
NEAPOUS  3,  1201  Harmon  Pioco;  PEORIA  5,  101 
Hotnz  Court;  and  oitior  dtio*. 


CORPORATION 

1449  39th  St..  Brooklyn  18.  N.  Y. 
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PRECIOUS  METALS  IN  ALL  FORMS  FOR  THE  ELECTRONIC  INDUSTRIES 


231  NEW  JERSEY  R.R.  AVE 
NEWARK  5,  N.  J. 


PRECIOUS  METALS  SINCE  1875 


What’s  YOUR 
special  battery 
problem? 


HERE’S  A  TOUGH  ONE 
BURGESS  ENGINEERS  SOLVED 


No.  1  of  a  Series 

Tkm  problem:  To  design  a  battery 
for  deep  well  Radioactivity  Well 
Logging  for  the  petroleum  industry 
that  would  meet  the  rigid  physical 
specifications  of  the  Lane-Wells 
Company  for  use  inside  the  well  cas¬ 
ings.  To  build  a  battery  that  would 
withstand  high  temperatures  and 
which  would  be  equipped  with  spe¬ 
cial  insulated  leads  with  multiple 
voltage  taps. 


Uniformly  high  magnetic  performance,  exceptional  Q  and 
high  permeability  of  the  wide  variety  of  Mepham  magnetic 
iron  powders  (hydrogen  reduced)  suggest  their  use  for  high- 
frequency  cores,  core  material,  tele-communication  and 
magnetic  applications.  Production  is  strictly  controlled — 
prices  are  attractively  low  . , .  Consult  the  Mepham  Tech¬ 
nical  Staff — send  for  literature. 


G.  S.  MEPHAM  CORPORATION 

Established  1902  •  •  East  St.  Louis,  Illinois 


The  solution:  an  unusual  “A  &  B’’ 
battery  pack  that  meets  ail  physical 
specifications,  and  which  under 
severe  operating  conditions,  provides 
50  to  60  hours  of  service  above  the  re¬ 
quired  minimum  operating  vol;:ages. 


Preierred 


CUP  WASHERS  manufactured  to 

for  Binding  Screws  specifications 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


The  Complete  Burgess  Facility 

Design  e  Engineering  e  Production 

...is  at  your  disposal  to  provide  the 
battery  you  need  in  the  quantity  you 
require . . .  large  or  small.  Send  for 
free  Burgess  check  sheet  that  en¬ 
ables  you  easily  to  provide  Burgess 
engineers  with  all  information  im¬ 
portant  to  the  design  of  a  battery 
for  your  special  requirements. 


Metal 

■elos- 

•rylnq 

eaker 

and 


SEND  FOR 
THIS  FREE 
CHECK  SHEET 
^  TODAY! 


FOR  A  COMPLETE  LIST  OF  OUR  PRODUCTS 
SEND  FOR  OUR  NEW  FOLDER,  E-20 
PLATINUM,  GOLD  &  SILVER  FOR  SCIENCE,  INDUSTRY  &  THE  ARTS 


BURGESS 

BATTERY 

COMPANY 


Dept.  E-12,  Freeport,  Illinois 


ELECTRONICS  —  December,  1946 


Start  Your  Own 
RADIO  SERVICE 
SHOP 


plefe  Starting-in-Business 
Package  Stocks  of  . 


TEST  EQUIPMENT 
TUBES,  PARTS,  TOOLS 


Act  quickly'  Meet  the  pent  up  demand  foi 
rodio  jervice  Turn  your  speciol  service  troini ng 
into  a  profitable  b'lsiness  of  your  own.  No  fust 
No  worry  Here  $  everything  you  need — S350 
up  Detaili  upon  request'  Write,  wife  or  phone 


NEWS  OF  THE  INDUSTRY  (continuod) 

“Principles  of  Radar",  has  been  ap¬ 
pointed  professor  of  electrical  engi¬ 
neering  and  chairman  of  the  de¬ 
partment  at  Syracuse  University, 
Syracuse,  N.  Y. 


Ray  C.  Bierman  becomes  senior 
electrical  engineer  at  Webster-Chi- 
cago  Corp.,  Chicago,  in  charge  of 
development  work  on  wire  re¬ 
corders,  amplifiers,  and  other  elec¬ 
tronic  devices.  He  was  formerly 
chief  engineer  with  Permoflux 
Corp.,  Chicago. 


AX.-B.C.  VeMs 

(klO-60-250-1000 
0-10-100-500  D.C.Mills 
0000-250000  Ohrrai 
£ImSxQi2 


t . .  With  this  Rubicon 
PORTABLE  WHEATSTONE  BRIDGE 

•  Range  1  ohm  to  10  megohms 

•  Limit  of  error  0.1  per  cent 

•  Built-in  battery  and  galvanometer 

•  Provision  for  external  battery  and  gal¬ 
vanometer  when  required 

•  Built  for  hard  use  in  laboratory,  shop 
and  field 

Described  in  Bulletin  100 


TRinsn  666H 

Triplett  OSOSC  Output  Meter  A  «  x. 
Repuler  $24.00  Specie!  ^  ■  0.9U 

0-1.541-15-60-150  Volts.  4000  OHM  Impedance. 

3*  Meter  100  Microamp  movement 

Triplett  404B  .  .  Reguler  $16.67  x  «  ■  ak 
Veltepe  A  Pelerlty  Tester,  Special 

Ideal  for  plant  maintenance  work!  Checks  115-220-440 
tine  at  a  glance!  Indicates  AC  or  DC  visually!  Indi- 
eatci  DC  PblaHty  visually! 


R.  C.  Bierman 


H.  K.  Skramstad 


H.  K.  Skramstad  is  now  chief  of 
the  Guided  Missiles  Section  of  the 
National  Bureau  of  Standards, 
which  developed  the  radar-guided 
BAT  glide  bomb  in  cooperation  with 
OSRD,  MIT,  and  the  Navy  Depart¬ 
ment.  Dr.  Skramstad  played  a  key 
part  in  the  development  of  the 
BAT,  which  was  the  first  fully 
automatic  guided  missile  to  be  suc¬ 
cessfully  used  in  combat  by  any 
nation. 


HALLICRAFTERS  S-38 

$39.50 


»OR) 

HAMMARLUND-HQ129X  $168 

Spookar  for  HQ129X  $10.SO 


Dale  Pollack,  formerly  vice-presi¬ 
dent  in  charge  of  engineering  with 
Templetone  Radio  Mfg.  Corp.,  an¬ 
nounces  the  opening  of  his  office 
and  laboratory  at  New  London, 
Conn.,  specializing  in  frequency- 
modulation  development  and  re¬ 
search. 


SPOTIIBHT  ft-- 

FOR  SHOP  $H0  laboratory  WORR 

6  Sturdy  . 

6  Sensitive  (up  to  0.0006  /xA  per  mm.) 

6  Short  period 

•  Multiple-reflection  optical  system 
p  lOO-Millimeter  scale 
p  For  null  or  deflection  meosurements 
Bulletin  320 


Donald  G.  Fink,  editor  of  Elec¬ 
tronics,  was  on  Oct.  30  elected  to 
the  board  of  directors  of  McGraw- 
Hill  Book  Co.,  New  York,  N.  Y. 


A  rtliable  empliEer  with  2  mike  aix)  1  phono  inputs, 


two  12^  20  os.  13  watt  PM  speakers  with  25'  ciMea, 
two  12'  walnut  7  ply  wall  baflles;  one  crystal  micro- 
pbooe  with  table  stand  and  15'  ahidded  cable. 

THt  CHAUBNOnr  $69.9$  Cewiplefe 

9$  Watt  Sound 

Same  aa  above  exeept  includes  one  speaker  and  bafBe. 


Described  in 


OTHER  RUBICON  INSTRUMENTS 

Kelvin  and  Mueller  Bridges  *  Resistance 
Standards  *  Limit  Bridges  for  rapid  pro¬ 
duction  testing  •  Shorted-tvm  Coil  Testers 
*  Potentiometers  for  precise  measurement 
of  DC  voltages  •  Photoelectric  Colori¬ 
meters  *  Magnetic  Permeameters  •  Mag¬ 
netometers  for  intercomparing  permanent 
magnets. 

Literature  on  request 

RUBICON  COMPANY 

ILICniCAl  INSnUMINT  MAKUS 
9757  Ridg#  Av6.,  Phlladplphla  32,  Po. 


PHILCO  BEAAA  OF  LIGHT 

Sdeeium  Odl  only,  no  holder . f 


Robert  Wilson,  now  a  professor  in 
the  physics  department  of  Harvard 
University,  was  elected  chairman 
of  the  Federation  of  American  Sci¬ 
entists,  an  organization  of  3,000 
scientists  seeking  public  under¬ 
standing  and  world  control  of 
atomic  energy  under  international 
law.  Dr.  Wilson  was  director  of  the 
Nuclear  Physics  Research  Division 


20%  dapodt  required  on  all  C.O.D.  ordcra.  2% 
tnuportatioa  allowance  on  ordcra  of  125.00  or 
men  aoeompaaied  by  paymeat  in  faU. 
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PHOTO  ELECTRIC 
CEILS 


Specialists  in  Internal 
and  External  Perfect 
Threaded  Die  Cast  Units 


BRADLEY 

LABORATORIES,  INC 


82  Weadow  St.  New  Haven  10,  Conn 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


Unmounted  Cells 

The  shapes  of  Lux- 
tron  photocells  var)’ 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  ver>' 
small  to  the  largest 
required. 

In  addition  to  the  un¬ 
mounted  cells  shown 
here,  Bradley  also  of¬ 
fers  cells  in  a  variety 
of  standard  mountings, 
including  plug-in  and 
pigtail  types. 

For  direct  conver¬ 
sion  of  light  into  elec¬ 
tric  energ>,  specify 
Bradley’s  photiKells. 
They  are  rugged, 
lightweight  and  true- 
to- rating. 


MANOFACTUIIRS  OF  NI6N  (OUCIVI  MACNITIC  AUOft 


I  000  1  ERWIN  AVENUE 
DETROIT  5.  MICH  ISAN 


[a  UNICOI 


ELINCO  TYPE  ALP 

TYPICAL  PERFORMANCE  CURVE 


^  Illustrated  literature/ 
available  on  request, 
shows  more  models  of 
Bradley  photoceHs,  fidus 
a  line  of  cof^oer^ oxide 
and  selenium « rechfiers^ 
Write  for  IThe  Bradley 


Intricate  parts  of  100%  rust-proof 
Zinc  alloy. 

Accurate  to  specification.  Held  to 
tolerances  of  .005. 

Threads  require  no  machining. 
Ideal  for  instrument,  small  machine 
and  minute  electronic  parts. 

Predeeers  of  fko 

Two  Vital  Aids  to  Moaefocterert 
of  Mioiotore  Tobe  RediM. 

JE-10  STAR  MINIATURE  SOCKET 
WIRING  PLUGS. 

JE-13  STAR  MINIATURE  TUIE  PIN 
STRAIGHTENERS. 

Write  for  complete  leformatloe, 

STAR  EXPANSION  PRODUCTS  CO. 

(INCOenORATCO) 

147  Cedar  St.  New  York  6.  N. 


Type  ALP-191;  110  volt  60  eye.  single-phase 
Capaeitor  start  &  run;  Motor  Capiaeitor 

Value  4.25  Mfd.  Curve  #235. 

Elinco  ALP  Frame  Motors  arc  3%"  x  4-5/16"  capacitor 
start  and  run,  two  and  four  pole  AC  motors,  internal  fan 
cooled.  Continuous  duty  rating— as  induction  motor  to 
1/30  h.p.  at  1700  r.p.m.;  as  synchronous  motor  to  1/60 
h.p.  at  1800  r.p.m.  Substantially  higher  ratings  are  avail¬ 
able  at  speeds  of  3400  and  3600  r.p.m.  respectively. 
Also,  higher  rating  for  intermittent  duty. 

Write  for  Temporary  Bulletin  46- A 

ELECTRIC  INDICATOR  CO. 

STAMFORD,  CONNECTICUT 


electronics  — OecemUr.  1946 
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Send  fbr 
^enr  copy 


The  NEW  Hydent  Catalog  contains  64 
pages  of  illustrations,  ubles  and  important 
technical  dau  concerning  Bumdy  Hydent 
(indent'type)  solderless,  elearical  con* 
nectors;  as  well  as  tools  for  their  insulla* 
tion  on  conduaors  from  #  22  to  2000  Mem. 

Burndy  Hydent  (one-piece)  connectors 
provide  strong,  low-resistance,  quickly- 
installed  and  inspected  permanent  connec¬ 


tions  when  indented  on  conduaors  with 
manual,  pneumatic  or  hydraulic  tools. 
Hydent  conneaors  are  available  in  a 
variety  of  shapes  and  sizes  in  both  alumi¬ 
num  and  copper,  for  use  on  power  line, 
industrial,  automotive,  household,  marine, 
aircraft,  elearical  and  electronic  equip¬ 
ment.  Be  sure  to  write  for  your  copy  of 
Catalog  Y46  today. 


I  BURNDY,  New  York  54,  N.  Y. 

In  CoiKodo:  Canadian  Lin*  Materials,  Limited,  Toronto  13 
fornign:  Phillips  Export  Corporation,  New  York  17,  N.  Y. 


at  the  Los  Alamos,  New  Mexico 
laboratory  of  the  Manhattan  Dis¬ 
trict  Project. 


Carl  W.  Muller  has  been  made 
vice-president  and  general  manager 
of  Sorensen  &  Co.,  Inc.,  Stamford, 
Conn.  He  received  the  Civilian 
Meritorious  Award  for  wartime 
work  designing  instruments  for  the 
Army  Air  Forces. 

William  N.  Greer  has  moved  his 
offices  to  San  Juan,  Porto  Rico, 
where  he  will  continue  the  practice 
of  general  communications  engi¬ 
neering. 

Alcide  Prosdocimi  has  been  elected 
vice-president  in  charge  of  the  In¬ 
ternational  Division  of  Solar  Mfg. 
Corp.,  New  York  City. 


NEWS  OF  THE  INDUSTRY 


(continued) 


William  A.  Higinbotham,  past 
chairman  of  the  Federation  of  Am¬ 
erican  Scientists,  will  remain  in 
Washington  as  executive  secretary 
of  the  Federation.  He  worked  on 
radar  at  MIT  Radiation  Laboratory 
early  in  the  war,  and  was  later  head 
of  the  Electronics  Group  in  the  Los 
Alamos  laboratory  that  developed 
and  tested  the  first  atomic  bomb. 
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Ladislaus  L.  Marton  received  the 
appointment  as  principal  physicist 
in  the  Electronics  Section  of  the 
National  Bureau  of  Standards,  and 
will  initiate  a  program  of  research 
on  basic  theory  and  applications  of 
electron  and  ion  beam  devices.  He 
was  previously  on  the  faculty  staff 
of  Stanford  University,  where  he 
headed  the  Division  of  Electron 
Optics. 


L.  L.  Marton 


B.  Adler 


Ben  Adler  has  been  appointed  vice- 
president  in  charge  of  engineering 
at  Transmitter  Equipment  Mfg. 
Co.,  New  York  City.  He  was  for¬ 
merly  chief  facilities  engineer  at 
American  Broadcasting  Co. 


For  Precision  Soldering 
at  High  Speed 

VULCAN 

ELECTRIC 
SOLDERING 
TOOLS 


SCREW  TIP— 10  SIZES 
PLUG  TIP— 5  SIZES 


Us*  current  •fRelentiy. 

Low  operating  cost. 

Mechanics  prefer  Vulcans  beeaes* 
they  have  the  "hang"  or  balance 
a  skilled  workman  likes. 

Screw  tip  for  high  efUclency. 
Plug  tip  Tor  low  cost  replacement. 
The  VULCAN  Pygmy  Is  partlee- 
larly  useful  for  delicate  jobs  in 
cramped  space. 


VULCAN  ELECTRIC  COMPANY 

DANVnS,  10,  M>)SS. 

Makers  of  a  wide  variety  of  Heating  Elements  for  assembly  into  mann* 
facturer's  own  products  and  of  Heating  Speciaities  that  use  eiectricity. 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 
etc.  ior  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
Vh-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 

Inc[uiries  will  receive  prompt  attention. 

ART  WraE  AND 
STAMPING  CO. 

227  High  St.  Nawaik  2.  N.  ). 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists... 


Probably  no  other  organixation  Is  as  well  equipped  as 
McGraw.Hill  to  solve  the  complicated  problem  of  UN 
maintenance  during  this  period  of  unparalleied  ohang* 
in  industrial  personnel. 

McGraw.Hill  Mailing  Lists  cover  most  major  Indoi- 
tries.  They  are  compiled  from  exclusive  sources,  aod 
are  based  on  hundreds  of  thousands  of  mail  questioa- 
nairos  and  the  reports  of  a  nation-wide  field  staff.  AN 
names  are  guaranteed  accurate  within  2%. 

When  planning  your  direct  mail  advertising  and  sales 
promotion,  consider  this  unique  and  economical  servio* 

In  relation  to  your  product.  Details  on  request. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  West  42nd  Street  New  York,  It.  New  Yor4^ 


The  Model  81  Termaline  is  de¬ 
signed  to  serve  as  a  matched  load 
which  dissipates  all  power  ap¬ 
plied  to  it.  Featuring  very  low 
VSWR’s,  the  Termaline  is  very 
useful  in  measurement  work  at 
VHF-UHF-SHF. 

Frequency — Zero  (d-c)  to  4000  me.  • 
Input  Impedance — 51.5  ohms  •  Power 
Capacity — 50  watts  continuous,  higher 
powers  for  short  periods  •  Fittings — 
AN  Type  UG-23  female  coupling  lot 
RG-8,  9  and  equivalent  •  Physical  Di¬ 
mensions — (Overall)  SVi"  L  x  5"  H  x 
2Vs''  W.  •  Platinum  gray  with 

chrome  trim.  Collapsible  handle. 


APPLICATION 

1.  As  an  impedance  standard  for  accuracy 
aod  repeatability  in  VHF-UHF.SHF 
measurements. 

2.  General  use  as  a  non-reaaive  termina¬ 
tion  for  r-f  lines. 

3.  As  a  dummy  load  while  tuning  up 
transmitters. 

4.  In  coniuoaion  with  the  sloned  line  for 
measurement  of  VSWR,  eliminates 
the  usual  necessity  of  matching  trans¬ 
formers  and  tuning  stubs. 

3.  Checking  impedance  in  antenna  to 
line  match. 


BIRD  ELECTRONIC  CORPORATION 
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WORCESTt^,  MASSACHUSETTS 


NEW  BOOKS 


Scientists  Against  Time 

By  James  Phinney  Baxter,  3rd, 
President  of  Williams  College.  At¬ 
lantic — Little,  Brown,  Boston,  Mass., 
1946,  473  pages,  $5.00. 

Dedicated  “To  the  Scientists  of  the 
United  Nations  who  gave  their  lives 
in  the  cause  of  freedom,”  this  offi¬ 
cial  history  of  the  Office  of  Scien¬ 
tific  Research  and  Development 
tells  of  the  plans,  the  hopes,  the 
endless  experiments,  the  day-and- 
night  labor  under  pressure  and 
secrecy  that  lay  behind  the  ultimate 
success  of  our  scientists  in  out¬ 
stripping  the  enemy. 

This  history  of  the  mobilization 
of  civilian  science  for  war  was  ini¬ 
tiated  by  Dr.  Vannevar  Bush  who, 
in  February  1943,  persuaded  Dr. 
Baxter,  then  deputy  director  of  the 
Office  of  Strategic  Services,  to  un¬ 
dertake  the  job.  The  author  was 
given  access  to  the  official  records 
of  the  Army,  the  Navy,  and  OSRD; 
he  visited  laboratories,  attended 
service  demonstrations  of  the  new 
weapons,  and  interviewed  many 
scientists. 

Here  for  the  first  time  is  the  full 
story  of  how  we  started  with  the 
formation  of  OSRD  in  June  1940; 
how  Anglo-American  radar  finally 
surpassed  the  German;  how  new 
weapons  were  developed  to  meet 
each  new  emergency.  The  bopk  is 
divided  into  six  parts,  the  last  of 
which  is  appropriately  devoted  to 
the  atomic  bomb. 

Part  I  is  118  pages  of  fascinat¬ 
ing  orientation,  covering  the  roles 
of  submarine,  naval,  amphibious, 
air,  and  land  warfare  in  relation  to 
each  other  on  the  various  battle- 
fronts,  along  with  the  relation  of 
science  to  strategy  in  wartime. 

Part  II  is  essentially  electronic, 
contains  134  pages  (the  longest 
section  in  the  book),  and  presents 
in  sequence  the  roles  played  by 
radar  and  loran,  radar  counter¬ 
measures,  contributions  to  subsur¬ 
face  warfare,  new  devices  for  air 
warfare,  rockets,  fire  control,  and 
proximity  fuzes. 

Of  less  interest  to  electronic  read¬ 
ers  but  equally  fascinating  in  con¬ 
text  are  Part  III  on  chemistry  and 
the  war.  Part  IV  on  military  medi¬ 
cine,  and  Part  V  on  men  and  ma¬ 
chines. 

Here  is  a  book  that  can  stand  for 


The 

Original 


&NTITE 

^WRENCH 

SPINS  With 
Ease  and  Speed 


if  Clarostat  Series  43  wire-wound  po¬ 
tentiometers  and  rheostats  are  inter¬ 
changeable  mechanically  (dimensions, 
mountings,  shafts,  terminals,  etc.)  with 
composition-element  Series  37  Claro¬ 
stat  controls.  Space-savers.  Depend¬ 
able.  Long  life.  Often  preferred  to 
larger  controls  for  resistance  values 
up  to  10,000  ohms  linear. 

/  rr*"  ■"  ■C: 

I  '^tiag;  2 

/  Zooh  «« 

/  280"  “f'^’anical 


Encourages  nimble  hands 
along  the  assembly  line. 
Made  in  eleven  sizes  from 
3/16"  to  5/8"  square,  hex 
or  knurled  .  . . 


"  '•» 

avA- 


POPULAR 

SPINTITE 
T-73  SET 


if  For  engineering  data  on  this  handy 
midget  wire-wound  control,  write  for 
Bulletin  No.  116. 


A  usetul  1  ool  in  every 
Radio  and  Electrical  Shop. 

Deluxe  T-8  SET  the  same 
with  Plastic  Handles 


S«nd  for  Catalog  __ 

141  picturing  Air-  WALDEN 
craft  Radio  and  Worcester 

AufomobUe  Tools. 
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Operates  on  Flashlieht  batteries,  speed  de¬ 
pending  on  the  voltage.  Fairly  strong  on 
6  volts,  full  power  and  speed  on  27  volts. 
Designed  to  be  used  in  bombsights,  auto¬ 
matic  pilots,  etc.  Two  types, 

14S  or  250  RPM.  Either  speed  SR. 00 

a  bargain  at .  ^ 

■ASIC  MOTOR  2X1X1 

ELECTRICALLY 
SAME  AS 
GEARED 
MOTOR 


$3.00 


ALNICO  MAGNETS 

Bare  again  available 
Vs  K  y*  I  % 
SMALL  HORSESHOES 


S^.OO 


BLAN 


Eiperlniaiifers  and  Inveirfors  Sappllat 

64  D«y  St..  N«w  York  7,  N.  Y. 


RAV/SON 

ELECTROSTATIC 

VOLTMETERS 

Typo  Sit 


Now  available  to  35,000  VOLTS 

Measure  true  RJ<.S.  values  on  A.C.,  no 
woveiorm  or  frequency  errors. 

NO  POWER  CONSUMPTION 

Leakage  resistance  greater  than  one  mil¬ 
lion  megohms.  These  meters  may  be  used 
to  meostue 

STATIC  ELECTRICITY 

Ideal  for  measuring  high  voltage  power 
supplies  with  aero  current  drain.  Rugged, 
well-damped  movement.  All  elements  sur¬ 
rounded  by  metal  shielding  for  accuracy 
and  safety. 

Wrifa  lor  sew  bulMln. 

RAWSQN  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE,  MASS. 
Represeefotives 

Cbicage  >  New  York  City  •  Los  Angeles 


Absolute  thoroughness  in  design  and  manufacture  is  one  part  of  Electronic 
Engineering  Company  policy.  The  other  part  is  detailed  inspection  at  every 
manufacturing  phase.  This  is  your  assurance  of  dependable  performance — 
because  every  Electronic  Engineering  transformer  gets 
this  Inspection  Plus. 


"SPECIALIZED 


EN6I  NE  EIS" 


9229-9  WIST  ARMITAOE  AVENUE 


CHICAGO  47.  ILLINOIS 


PERMANENT  MAGNETS 


THOMAS  A  SKINNER  STEEL  PRODUCTS  Ca 
1116  L  23rd  SI.,  IndiaiMpolis  9,  Ind. 


metal  and 

PLASTIC 

SPECIALTIES 


Alloys:  coialt  •  chromi  •  alnico 

The  making  of  permanent  magnets  is 
an  alloy,  too ...  of  experience,  engi¬ 
neering,  facilities.  WeTI  be  glad  to 
tell  you  more.  Write  for  bulletin. 


Nkiiiiioi* 


•  stampings 

•  SCREW 
MACHINE 
PARTS 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY,  N.  Y.12 
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AC  AND  DC  MOTORS  AND  GENERATORS 

BURKE  ^&ufU*ud 'Bl.OCViS 

BURKE  ELECTRIC  COMPANY  •  ERIE,  PENNSYLVANIA 


NEW  BOOKS  (contlnutd) 

all  time  as  an  authenic  scientific 
history  of  World  War  II.  True, 
there  will  be  highly  specialized  vol¬ 
umes  reporting  on  specific  projects 
in  minute  detail,  such  as  the  MIT 
Radiation  Laboratory  series,  but 
for  most  readers  this  well-prepared 
and  comprehensive  history  will  suf¬ 
fice;  furthermore,  even  those  wait¬ 
ing  for  the  detailed  volumes  will 
find  this  book  extremely  valuable  in 
its  presentation  of  the  overall  pic¬ 
ture.  Here  each  OSRD  project  in 
turn  is  taken  up,  including  many 
that  were  relatively  unknown  and 
only  recently  released  from  secrecy. 
Here  too  are  equally  interesting 
stories  of  the  many  projects  aban¬ 
doned  for  one  reason  or  another, 
such  as  the  Pelican — a  depth  bomb 
that  was  dropped  from  a  plane  and 
followed  a  radar  beam  produced  by 
the  plane  so  as  to  give  automatic 
homing  on  a  ship  or  submarine 
target.  The  Navy's  verdict  here 
was  “no  operational  use”. 

An  appendix  gives  among  other 
things  the  number  of  contracts  held 
by  principal  industrial  and  nonin¬ 
dustrial  contractors  with  OSRD 
and  the  total  dollar  value  of  con¬ 
tracts  held  by  each  company.  The 
index  is  comprehensive.  The  fore¬ 
word  is  by  Vannevar  Bush,  whose 
own  words  aptly  express  the  under¬ 
current  theme  of  the  book : 

“But  it  tells  also  of  something 
that  is  more  fundamental  even  than 
this  diversion  of  the  progress  of 
science  into  methods  of  destruction. 
It  shows  how  men  of  good  will,  un¬ 
der  stress,  can  outperform  all  that 
dictatorship  can  bring  to  bear — as 
they  collaborate  effectively,  and  ap¬ 
ply  those  qualities  of  character  de¬ 
veloped  only  under  freedom.” 

The  achievements  of  scientists 
working  voluntarily  against  time, 
as  presented  in  this  book,  constitute 
a  tremendous  argument  for  per¬ 
manent  worldwide  peace.  The  im¬ 
plication  is  obvious,  that  no 
agressor  can  expect  to  survive  for 
long  if  this  army  of  scientists  is 
ever  called  up  again  to  fight  for 
freedom. — J.  M. 


FOR  THE  STUDY  OF 

•  WAVE  FORM 

•  PHASE 

•  FREQUENCY 
RELATIONSHIP 

•  COMPARISON 
OF  AMPLITUDE 


TYPE 

YE-9 


AN  invaluable  instrument  in  the  laboratory,  the  Electronic 
Switch  will  aid  in  the  simplification  of  many  studies  of  elec¬ 
trical  phenomena.  Two  or  more  independent  signals  may  be  ob¬ 
served  on  a  single  oscilloscope,  or,  by  using  two  YE-9s,  three 
independent  circuits  can  be  studied. 

Mechanical  vibrations,  sound,  light  and  other  quantities  trans¬ 
ferable  into  electrical  functions  may  be  compared. 

The  YE-9  may  be  used  with  any  oscilloscope  having  a  horizontal 
sweep  voltage  and  available  connections  to  the  plate  of  the  cathode 
ray  tube.  No  adjustments  or  calibration  are  required  when  the 
instrument  is  in  use. 

Write  for  complete  information  to:  General  Electric  Company, 
Electronics  Department,  Syracuse  1,  N.  Y. 


ELECTRIC 


SURKE  Terminal 
Blocks  are  individually 
molded  under  high 
pressure  and  cured  at 
constant  temperature 
at  long  periods.  They 
sxe  impervious  to  moist¬ 
ure  and  feature  uniform 
wall  thickness  in  every 
dimension. 


SERIES  6000  features  a  wide  slot 
opening  to  accommodate  soldered  or 
solderless  lug  on  the  lead  wire.  These 
like  all  Burke  blocks  are  aveulable 
with  or  without  covers. 

Writ*  to  BURKE  EUCTRIC  CO.. 

1U12  West  12tfc  St.  Erl*.  Pa. 


The  Gas-Filled  Triode 

By  G.  WiNDRED,  Hulton  Press,  Ltd., 
London,  X946,  72  pages,  2/6. 

Characteristics  and  uses  of  gas 
tubes  are  simply  presented  for 
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Optical  Glass 
Specialties 


Television  Reflectors 


Precision-polished  optical 
face  plates  for  cathode  ray 
tubes 


COUNT  AND  CONTROL  FAST! 


Optical  lenses,  prisms 
and  flats 


FS  Precision-Bore  Glass  Tubes 
with  bore  exoct  within  .0002" 

Contact  us  for 

such  requirements 

FISH-SCHURMAN  CORPORATION 
230  East  45tli  St.,  New  York  17.  N.  Y. 


Fish-Schu 


For  processes  requiring  o  ropid* 
ly  repeated  .operotion  to  occur 
alter  a  predetermined  number  oi 
counts! 

For  counting  and  stacking  sheet 
metal. 


A  time  and 

money-saving  instrument 

•  For  occurate  control  ol  length 
and  spacing  oi  slide  fasteners. 

•  For  use  in  automatic  packaging 
ol  objects  such  as  buttons  and 
pills. 

•  And  for  many  other  operationt 
throughout  industry. 

This  instrument  uses  three  to  four  standard  Potter  4-tube  counter  decade 
circuits  arranged  to  give  two  independent  predetermining  channels  in  which 
any  number,  from  0  to  10,000,  may  be  initially  set  up.  Each  channel  is  alter¬ 
nately  pre-set  to  the  desired  predetermined  number  by  automatic,  self-con¬ 
tained  circuits  at  a  speed  not  cbtainable  with  predetermined  mechanical 
counters.  The  input  is  arranged  for  operation  with  either  make-contacts  or 
sharp  negative  pulses  Input  frequencies  may  be  in  excess  of  1000  cycles 
per  second.  The  output  includes  an  ultra-hign  speed  relay  with  single  pole 
double  throw  contacts.  The  standard  unit  may  be  ordered  for  a  total  count 
'  capacity  of  lOCO  to  10,000  with  either  the  single  or  dual  predetermining  chan- 

^  ^.\nels  Other  count  capacities  on  special  orde 


wnels  Other  count  capacities  on  special  order.  Write  for  additional  details. 


ELECTRONIC  COUNTER  PRODUCTS 


136-56  ROOSEVELT  AVENUE 


FLUSHING.  NEW  YORK 


STEATITE 

CERAMIC 


Properties  and  Cbaraeteristies  of  Our 


Compr«ssiv»  Strangth  . 9®,000  lb*,  par  sguara  inch 

Tanaile  Strangth  .  7,200  Iba.  per  aquare  inch 

Fluxural  Strangth  . 10,500  Iba.  par  aquara  Inch 

Modulua  of  nuptura . 20,000  Iba.  per  aquare  inch 

Dialactric  Strength  . 235  volta  par  mil 

Diala^ric  ConaUnt . 6.42  Praquancy  of 

i«»“  . 1  megacycle 

Sowar  Factor . 446  "  - _ _ 

Bulk  Specific  Oravity . 2.,6S40/o 

Danaity  (from  above  gravity).  .  .0.096  Iba.  par  cubic  inch 

Mardnaaa  (Mohr  acale) . 

Softening  Temperature  . .2.3SO°F. 

Linear  Coefficient  of  Sxpanaion . 0.13x10 — a 

Moiatura  Abaorption  (ASTM  D-116-42-A) . 0.0090'e 

Desi^  engineers  and  manufaaurers  in  the  radio, 
electrical  and  electronic  helds  are  finding  in 

LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielearic 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequency 
application. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFC.  COMPANY 

Moin  Oflic9  t  Worliii  Chattanooga,  Tenn 
Needham,  Mott.  .  Chitago  Los  Angeles 


“lues 

Sdllttlts 

^X'lrci/ 


RADIO  DIVISION 


CARTER  RADIO  DIVISION 

PRECISION  PARTS  CO. 
213  Institute  Place 
Chicago  10,  Illinois 

Writ9  for  full  dotaik 
and  cafaloguo  today 
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ALNI  CORPORATION 


NEW  BOOKS  (continutd) 

those  unfamiliar  with  the  subject. 
Although  this  monograph  contains 
no  new  material,  it  does  present 
concisely  and  clearly  all  the  essen¬ 
tial  facts  about  the  tubes  and  their 
more  usual  applications  including 
rectification,  inversion,  and  motor 
control.  The  presentation  is  quali¬ 
tative,  design  equations  and  typi¬ 
cal  values  being  seldom  given.  The 
discussion  includes  gas  tetrodes. 
— F.R. 


Make  quicker, 
more  accurate 
calculations 


with  these - ^ 

NEW,  HELPFUL 
MATHEMATICAL  TOOLS 


the  Minimotor. 

the  Aini  Corporation  is 
pleased  to  announce  the 
availability  of  the  low¬ 
est  practical  current 
consumption  D.C.  motor 
in  the  world. 

the  motor  of  an  entirely 
new  principle!  No  rotat¬ 
ing  windings. 

the  motor  that  can  oper¬ 
ate  on  as  little  as  thirty 
milHwcdts  power. 

the  motor  that  is  ideal 
for  saving  current  where 
power  supply  is  an  im¬ 
portant  factor. 

*  the  motor  that  has 
countless  applications  in 
the  miniature  horse¬ 
power  field. 

*  the  motor  that  may  well 
be  the  onswer  to  your 
problem. 

*  the  Minimotor, 

Outline  your  specific  ap¬ 
plications  and  require¬ 
ments  to  our  Special 
Projects  Division. 


The  Diffraction  of  X-Rays 
and  Electrons  by  Free 
Molecules 

By  M.  H.  PiRENNE,  Cambridge  Uni¬ 
versity  Press  and  The  Macmillan  Co., 
1946,  160  pages. 

This  resume  of  one  of  the  advanced 
physical  methods  of  studying  the 
microcosm  presents  the  experimen¬ 
tal  evidence  and  the  theoretical  in¬ 
ferences  built  thereon  in  a  logical 
order  without  resorting  to  obscur¬ 
ing  mathematical  treatments.  The 
«discussion  is  an  addition  to  the 
Cambridge  Series  of  Physical 
Chemistry. — F.  R. 


Here  la  a  practical,  easy-to-use  book  that 
gives  engineers  in  any  field  many  speciai 
mathematical  tools  basic  to  their  work.  It 
shows  how  these  tools  are  applied  to  compute 
both  speedily  and  reliably.  Concise  yet  com¬ 
plete,  this  book  is  valuable  for  reference  or 
study  covering  every  phase  of  mathematics 
you  are  likely  to  meet — from  simple  numeric 
computations,  through  integration  and  summa¬ 
tion.  Many  of  the  topics  discussed  are  new, 
while  others  which  are  more  commonly  used 
are  presented  with  new  applications,  thus  in¬ 
creasing  their  usefulness. 


Just  Published 


By  Raymond  W.  Dull,  Consulting  Enginoor 
369  pages,  SVe  x  BVe,  $4.50 

New  equations  for  the  construction  of  several 
important  types  of  alignment  charts  are  given 
for  using  standard  engineering  scales  which 
simplify  the  construction  of  the  charts.  The 
presentation  of  logarithmic  and  exponential 
functions  is  thorough  and  should  prepare  the 
reader  for  more  advanced  applications  of 
mathematics.  The  exponents  of  the  Naperlan 
base  are  given  special  attention.  Unushal  appli¬ 
cation  of  the  triangle  and  circle  as  mathe¬ 
matical  tools  will  be  found  in  the  text,  some 
even  involving  differential  equations.  Consid¬ 
erable  attention  is  devoted  to  vector  analysis, 
and  methods  are  given  which  simplify  the 
solution  of  somewhat  difficult  engineering 
problems.  The  introduction  of  vector  images 
opens  a  new  field  for  vector  application.  The 
book  ends  with  an  introduction  to  differential 
equations  to  apply  some  of  the  mathematical 
tools  supplied  earlier. 


LEGAL  NOTICE 


STATEMENT  OF  THE  OWNERSHIP.  MANAGEMENT. 

CIBCrULATION.  ETC.,  REQUIRED  BY  THE 
ACTS  OF  CONGRESS  OF  AUGUST  24, 

1912,  AND  MARCH  3.  1933 
Of  Electronics,  imbllshed  monthly  (semi-monthly  In 
June)  St  Albs^,  N.  T.,  for  October  1.  194A. 

State  of  New  York  > 

County  of  New  York  V 

Before  me.  a  Notary  Public  In  and  fur  the  State  and 
county  aforesaid,  itersonally  appeared  J.  A.  Gerardl.  who, 
bavinff  been  duly  sworn  according  to  law,  deposes  and 
says  that  he  is  the  Secretary  of  the  McGraw-Hill  Pub¬ 
lishing  Company.  Inc.,  publishers  of  Electronics  and 
that  the  following  is.  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  management, 
etc.,  of  the  aforesaid  publication  for  the  date  shown  In 
the  above  caption,  required  by  the  Act  of  August  24, 
1912,  as  amended  Iw  the  Act  of  March  3.  19^,  em¬ 
bodied  in  section  537,  Postal  Laws  and  RegulatioDs, 


Some  of  the  28  ehapfert  cover: 

•  logaiithms  as  an  Implomsnt 

•  organic  decay  or  dying-out  functions 

•  eireics  at  toois 

a  imaginary  and  complex  numbers 
a  energy 
a  linear  motion 
a  kinetics  of  rotation 
a  plane  motion 
a  images 

a  differential  equations  of  the  second  order 
a  linear  differential  equations  of  the  Ntb  order  with 
constant  ooemcients 


to  wit: 

1.  That  the  name  and  address  of  the  publisher,  editor, 
and  business  manager  is:  McGraw-Hill  Publishing  Com¬ 
pany,  Inc.:  Editor,  Donald  G.  Fink;  Managing  Editor, 
W.  W.  MacDonald:  Business  Manager.  W.  B.  Blood, 
all  UT  330  West  42nd  Street.  New  York  18.  N.  Y. 

2.  That  the  owner  is:  McGraw-Hill  Publishing  Com¬ 
pany,  Inc.,  330  West  42nd  Street,  New  York  City. 
Stoddiolders  holding  1%  or  more  of  stock:  James  H. 
MoGraw:  James  H.  McGraw,  Jr.:  James  H.  McGraw.  Jr.. 
(Tunis  W.  McGraw  and  Edwin  S.  Wilsey,  Trustees  for: 
Hkrold  W.  MoGraw.  James  H.  McGraw,  Jr..  Donald  C. 
McGraw  and  Curtis  W.  MoGraw,  all  of  330  West  42nd 
SUeet,  New  York  City;  Edwin  S.  Wils^  and  Curbs  W. 
MoGraw.  Trustees  for  James  H.  McGraw,  3rd,  Masson. 
New  Jersey:  Curtis  W.  McGraw.  Donald  C.  McGraw, 
both  of  330  West  42nd  Street,  New  York  City:  Mildred 
W.  McGraw,  Madison,  New  Jersey:  Grace  W.  Mehren, 
530  Arenas  St.  La  JolU,  Calif. 

3.  Hiat  the  known  bondholders,  mortgagees,  and  other 
security  holders  owning  or  holding  1  per  cent  or  more 
of  total  amount  of  bonds,  mortgages,  or  other  securities 
are:  None. 

4.  That  the  two  paragraphs  next  above,  giving  the 
names  of  the  owners,  stockholders,  and  security  holders, 
if  any,  contain  not  only  the  list  of  stockholders  and  se¬ 
curity  holders  as  they  appear  upon  the  books  of  the  oom- 

Kbut  also,  in  cases  where  the  stockholder  or  security 
ar  appears  upon  the  books  of  the  company  as  trustee 
or  in  any  other  fiduciary  relatltm,  the  name  of  the  person 
or  corporation  for  whom  such  trustee  is  acting,  is  given: 
also  that  the  said  two  paragraidis  ctmtain  statements  em¬ 
bracing  afflaot’s  fuU  knowledge  and  belief  as  to  the  dr- 
cumstanoes  and  conditiona  under  which  stockholders  and 
security  holders  who  do  not  appear  upon  the  books  of  the 
company  as  trustees,  hold  stock  and  securities  in  a  capac¬ 
ity  other  than  that  of  a  boiu  fide  owimr:  and  this  affiant 
has  no  reason  to  believe  that  any  other  person,  associa¬ 
tion.  or  corporation  has  any  interest  direct  or  indirect  in 
the  said  stock,  bonds,  or  other  securities  than  as  so  stated 
by  him. 

J.  A.  GERARDI.  Secretary. 
MoGRAW-HILL  PUBLISHING  COMPANY.  INC. 
Sworn  to  and  sabsoiibed  before  me  this  24th  day  of 
September.  1940.  i 

[SEAL]  ELVA  O.  MASLIN. 

(My  oommission  expires  March  30,  1948.)  ' 


Mm/  this  y 
coupon  tods) 


McGraw-Hill  Book  Co..  330  W.  42nd  8t..  NYC  18. 

Send  me  Dull  Mathematical  Aids  for  Engineers  for  10 
days'  examination  on  approval.  In  10  days.  I  wUl  send 
$4.50  plus  few  cents  postage,  or  return  book  postpaid. 
(We  pay  postage  on  cash  orders.) 
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City  and  State, 


Company 


Position 


For  Canadian  piioe,  write:  Emba^  Book  bo, 
12  Richmond  St.  E  Toronto  1 
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ADDITIONS  and  CORRECTIONS 


lUNE  1946-1947  ELECTRONICS  BUYERS'  GUIDE 


The  following  listings  are  to  be  used  in  conjunction  with  the  June 
1946 — 1947  EXECTRONICS  BUYERS’  GUIDE  for  information  on 
manufacturers’  names,  addresses,  and  products  omitted  or  incorrectly 
listed  in  that  issue.  Product  classification  numbers  and  names  are  the 
same  as  used  in  the  June  Guide. 


209.  pH  METERS.  RECORDERS  and 
COMPARATORS 

Taf^Iiabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5^, 
N.  Y. 

255.  DIATHERMY  ACCESSORIES 

Wappler,  Inc.,  27  W.  24th  Street,  New 
York  10,  N.  Y. 

261.  ELECTRIC  WAVE  GENERATORS 

Wappler,  Inc.,  27  W.  24th  Street,  New 
York  10,  N.  Y. 

285.  BRIDGES 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 

340.  GALVANOMETERS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 

361.  THERMOCOUPLE  METERS 

Tagliabue  Div,,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  6. 
N.  Y. 

439.  ANTENNA  mS 

General  Electric  Co.,  Syracuse,  N.  Y, 

477.  METAL  CABINETS 

Paul  &  Beekman  Div.,  Portable  Products 
Corp.,  1801  Cortland  St.,  Phila.,  Pa. 

485.  SHIELDED  CABLE 

Precision  Tube  Co.,  S828  Terrace  St., 
Phila.  28,  Pa. 

488.  CANS 

Paul  &  Beekman  Div.,  Portable  Products 
Corp.,  1801  Cortland  St,  Phila.,  Pa. 

495.  MICA  FIXED  CAPACITORS 

General  Electric  Co.,  Syracuse,  N.  Y. 

518.  AUDIO  and  POWER  CHOKES 

EJmplre  Coll  Co.,  238  Huguenot  St,  New 
Rochelle,  N.  Y.  (Audio) 

533.  RELAY  and  SOLENOID  COILS 

Empire  Coll  Co.,  238  Huguenot  St,  New 
Rochelle,  N.  T. 

596.  FASTENERS  and  FASTENING 
DEVICES 

duPont  de  Nemours  &  Co.,  Inc.,  E.I.,  Ex¬ 
plosive  Rivets  Div.,  Wilmington  98, 
DeL 

656.  RODS 

Franklin  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 


19.  RAILROAD  COMMUNICATION 
SYSTEMS 

General  Electric  Co.,  Schenectady,  N.  Y. 

31.  ELECTRIC  PHON(XiRAPHS  and 
RECORD  PLAYERS 

General  Electric  Co.,  Bridgeport,  Conn. 
Rexon,  Inc.,  295-Bth  Ave.,  New  York  16, 
N.  Y. 

36.  RADAR  RECEIVERS 

General  Electric  Co.,  Syracuse,  N.  Y. 

38.  TRANSMITTERS 

General  EJlectrlc  Co.,  Syracuse,  N.  Y. 

41.  AM  PORTABLES 

General  Television  &  Radio  Corp.,  2701 
No.  Lehmann  St,  Chicago  14,  111. 

56.  AIRCRAFT  RECEIVERS 

General  Electric  Co.,  Ssrracuse,  N.  Y. 

67.  MARINE  RECEIVERS 

General  Electric  Co.,  Syracuse,  N.  Y. 

72.  TELEVISION  RECEIVERS 

General  Electric  Co.,  Bridgeport  Conn. 

86.  TELEVISION  SYSTEMS,  INDUSTRIAL 

General  Electric  Co.,  Syracuse,  N.  Y. 

129.  HUMIDITY  CONTROLS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 

140.  PRESSURE  CONTROLS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 

145.  SMOKE  DENSITY  COMBUSTION 
and  CONTROLS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5. 
N.  Y. 

147.  TEMPERATURE  CONTROLS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 

N.  T. 

149.  TIMING  CONTROLS 

Tagliabue  Div.,  C  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 

208.  MOISTURE  METERS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  550  Park  Ave.,  Brooklyn  5, 
N.  Y. 


657.  SCREW  MACHINE  PARTS 

Franklin  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 

658.  SHEETS 

Franklin  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 

660.  fibre  stampings  and 

PUNCHINGS 

Franklin  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 

666.  fibre  insulation  tubes 

BYanklln  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 

670.  PLASTIC  INSULATION  TUBES 

Franklin  Fibre  Lamitex  Corp.,  12th  & 
French  Sts.,  Wilmington,  Del. 

675.  CERAMIC  INSULATORS 

General  Electric  Co.,  Syracuse,  N.  Y. 

716.  METAL  STAMPINGS,  SmoU 

Paul  &  Beekman  Div.,  Portable  Products 
Corp.,  1801  Cortland  St.,  Phila.,  Pa. 

823.  RIVETS 

duPont  de  Nemours  &  Co.,  Inc.,  E.I.,  Ex¬ 
plosive  Rivets  Div.,  Wilmington  98, 
Del. 

840.  TUBE  SHIELDS 

Paul  &  Beekman  Div.,  Portable  Products 
Corp.,  1801  Cortland  St,  Phila.,  Pa. 

853.  INSTRUMENT  HAIRSPRINGS 

Instruments  Specialties  Co.  Inc.,  254  Ber¬ 
gen  Blvd.,  Little  Falls,  N.  J. 

854.  PRECISION  SPRINGS 

Instruments  Specialties  Co.  Inc.,  254  Ber¬ 
gen  Blvd.,  Little  Falls,  N.  J. 

857.  STRAIN  RELIEFS 

Walker  Co.,  George,  118  Amsterdam  Ave., 
Passaic,  N.  J. 

897.  TERMINAL  STRIPS 

Langevln  Co.,  Inc.,  The,  37  West  65th  St, 
New  York  23,  N.  Y. 

901.  AUDIO  ond  POWER 
TRANSFORMERS 

Airdesign  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

Elmpire  Coil  Co.,  238  Huguenot  St,  New 
Rochelle,  N.  Y.  (Audio) 

902.  AUraTRANSFORMERS 

Airdesign  Inc.,  241  Fairfield  Ave.,  Upj>er 
Darby,  Pa. 

Langevln  Co.,  Inc.,  The,  37  West  65th  St., 
New  York  23,  N.  Y. 
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907.  MICROPHONE  TRANSFORMERS 

Alrdeslgn  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

909.  MINIATURE  TRANSFORMERS 

Airde.sign  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

911.  PULSE  TRANSFORMERS 

Airdesign  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

927.  BASES 


National  Carbon  Co..  Inc.,  30  Ea.‘5t  42nd 
St.,  New  York  17,  N.  Y. 

936.  GRIDS  and  SUPPORTS 

National  Carbon  Co.,  Inc.,  30  East  42nd 
St.,  New  York  17,  N.  Y. 

944.  BALLAST  TUBES 

Kuthe  Labs.  Inc.,  150  Summit  Street,  New¬ 
ark  4,  N.  J. 

959.  RECTIFYING  TUBES 


Electrons  Inc.,  127  Sussex  Ave.,  Newark, 
N.  J. 

964.  THYRATRONS 

Electrons  Inc.,  127  Sussex  Ave.,  Newark, 
N.  J. 

976.  TURNTABLE  UNITS 

Rek-O-Kut  Co.,  146  Grand  St,  New  York 
13,  N.  Y. 


977.  VALVES.  SOLENOID 

TagHabue  DIv.,  C.  J.,  Portable  Products 
Corp.,  650  Park  Ave.,  Brooklyn  5, 
N,  Y. 

1008.  ELECTROSTATIC  AIR  CLEANERS 

Raytheon  Mfg.  Co.,  Electronic  Equip.  Div., 
Waltham  54,  Mas.s. 


1019.  METAL  BOXES 

Walter  Co.,  S.,  144  Centre  St,  Brooklyn 
31,  N.  Y. 

1036.  FANS  AND  BLOWERS 

Smith  Mfg.  Co.,  F.  A.,  P.  O.  Box  509, 
Rochester  2,  N.  Y. 

1078.  fabric  INSULATION 

Varflex  Corp.,  N.  Jay  St,  Rome,  N.  Y. 

1080.  FIBERGLAS  INSULATION 
Varfiex  Corp.,  N.  Jay  St,  Rome,  N.  Y. 
1091.  SCREWDRIVERS  and  SMALL 
INSULATED  TOOLS 

Standard  Pressed  Steel  Co.,  Jenkintown, 
Pa. 

1099.  CUTTING  HEAD  MACHINES 

Rek-O-Kut  Co.,  146  Grand  St.,  New  York 
13,  N.  Y. 

1116.  WIRE  STRIPPING  MACHINES 

Lead-All  Products  Co.,  24  E.  21st  St,  New 
York  10,  N.  Y. 

1123.  BERYLLIUM  and  BERYLLIUM 
ALLOYS 

Beryllium  Corp.,  The,  Reading,  Pa. 

1128.  COEFFICIENT  METALS 

Carpenter  Steel  Co.,  Reading,  Pa. 
Magnetic  Metals  Co.,  Camden,  N.  J. 

1134.  HIGH  PERMEABILITY  ALLOYS 

Carpenter  Steel  Co.,  Reading,  Pa. 
Magnetic  Metals  Co.,  Camden,  N.  J. 

1135.  laminated  metal  products 

Magnetic  Metals  Co.,  Camden,  N.  J. 


1144.  NICKEL  &  NICKEL  ALLOYS 

Carpenter  Steel  Co.,  Reading,  Pa. 
Magnetic  Metals  Co.,  Camden,  N.  J. 

1153.  STAINLESS  STEEL 

Carpenter  Steel  Co.,  Reading,  Pa. 

1154.  STEEL 

Carpenter  Steel  Co.,  Reading,  Pa. 

1 1 55.  STEEL  ELECTRICAL 
Carpenter  Steel  Co.,  Reading,  Pa. 

1158.  THERMOSTATIC  BI-METALS 

Carpenter  Steel  Co.,  Reading,  Pa. 
Magnetic  Metals  Co.,  Camden,  N.  J. 

1208.  RESISTANCE  THERMOMETERS 

Tagliabue  Div.,  C.  J.,  Portable  Products 
Corp.,  650  Park  Ave.,  Brooklyn  5. 
N.  Y. 

1211.  METAL  and  ALLOY  TUBING 

Carpenter  Steel  Co.,  Kenilworth,  N.  J. 

1213.  NICKEL  TUBING 

Carpenter  Steel  Co.,  Kenilworth,  N.  J. 

1215.  STEEL  TUBING 

Carpenter  Steel  Co.,  Kenilworth,  N.  J. 

NAME  and  ADDRESS 
CORRECTION  or  CHANGE 

Bradley  Laboratories,  82  Meadow  Street, 
New  Haven,  Conn. 

Tibbetts  Industrle.s,  Inc.,  Camden,  Maine 


A  NOTE  FROM  THE  EDITORS 

The  above  list  of  additions  and  corrections  together  with  the  one  pub¬ 
lished  in  the  November  Issue  bring  the  1946-1947  Electronics  Buyers’ 
Guide  fully  up  to  date  on  the  basis  of  information  now  available.  No 
further  monthly  listings  will  be  published  for  use  in  conjunction  with 
the  1946-1947  Guide.  All  pertinent  directory  information  received  in 
the  months  ahead  will  be  held  for  publication  in  the  1947-1948  Guide 
(coming  June  1947). 

Manufacturers  of  electronic  components,  equipment,  and  allied  products 
are  urged  to  watch  for  the  questionnaire  which  we  shall  send  them 
shortly,  requesting  a  complete  list  of  the  products  they  manufacture  to 
be  included  in  the  1947-1948  Buyers’  Guide.  Complete,  accurate  product 
listings  by  manufacturers  are  indispensable  to  us  in  the  preparation  of 
the  Guide,  and,  wherever  possible,  product  literature  in  the  form  of 
brochures,  booklets,  data  sheets  etc.  should  accompany  the  returned 
questionnaire.  Careful  completion  of  this  questionnaire  will  help  us 
greatly  in  producing  an  accurate  and  all-inclusive  listing  in  the  1947- 
1948  Buyers’  Guide. 
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AMERICAN  LAVA  CORPORATION 


ALSIMAG  CUSTOM  MADE  TECHNICAL  CERAMICS 


*  In  all  these  years  of  concentration  on  custom  made 
technical  ceramics,  the  American  Lava  Corporation  has 
developed  special  equipment,  practical  skill  and 
specialized  engineering  knowledge  available  from  no 
other  source. 

Complicated  shapes,  obtainable  only  by  mochining, 
can  be  produced  quickly  on  high  speed  semi*automatic 
turning  and  milling  equipment.  Surprisingly  low  prices 
are  possible.  Send  your  designs  and  let  us  review  them 
from  our  production  standpoint,  submit  recommendo* 
tions,  and  show  you  what  American  Lava  con  do  for  you. 


•  Chort  of  the  physicol  characteristics  of  the  mere  frequently 
used  AISiMag  compositions  sent  free  on  request. 


tNGtHtUtMG  Stmnct  OffKtS, 

ST  touts,  WnUrngf*  Af..  Ttl  OmtiM  4fSf  •  NfWAMK.  M.  «7I  bW  Stntt.  MMMT  Ml  J* 

CAMMIDCr.  Mmn..  M  S  SrwMt*  M  UritlmmA  44fS  •  CWCACO,  f  S.  ClfatM  Si,  M.  Cm*W  irjl 
SAM  KANCISCO.  I«3  SmmW  SI,  TW:  OMfln  3444  •  lOS  ANCfUS.  3U  M.  $«■  H4r»  St,  TW.  M«W 


W'he  Forms  •  Stampings 


YOU’VE  EVE 


Ask  us  to  make  your 
Mjm  ^  springs  for  you.  Find  out  for 

yourself  that  we're  pleasant 
people  to  do  business  with  .  .  . 
that  we  make  your  springs  exactly 
the  way  you  want  them . . .  and  that  — here 
at  Accurate  —  you  receive  intelligent  coop¬ 
eration,  quality  workmanship  and  on-time  deliveries. 

If  you  need  engineering  help,  you'll  discover  that  our 
engineers  can  quickly  help  you  determine  the  right 
spring  for  your  job.  Perhaps  our  engineers  can  improve 
your  product's  performance  through  proper  spring  appli¬ 
cation.  You  can 7  Ibse. 


ACCURATE  SPRING  MANUFACTURING  CO. 

3830  West  Lake  Street  •  Chicago  24,  Illinois 
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Using  Strength^  Light  Weight,  and  Finish 


SHEETS 


Before  nylon  graduates  to  its  glamorous  occupa¬ 
tions  the  yarn  is  sized.  The  machine  that  applies 
the  size  also  winds  the  yarn  upon  a  tube  at  high  s[>eed. 

The  hundreds  of  loops  of  yarn  contract  as  they 
dry,  choking  the  tube  with  tremendous  force. 

Synthane,  from  which  many  nylon  sizing  bob¬ 
bins  are  made,  easily  resists  the  powerful  crushing 
action  of  the  drying  yarn. 


Because  of  light  weight,  tubes  made  from  Syn¬ 
thane  can  be  started  and  stopped  faster  and  with 
less  effort.  Synthane  also  takes  a  variety  of  surface 
finishes  suitable  for  use  with  nylon. 

If  these  few  of  Synthane’s  many  advantages  sug¬ 
gest  a  place  for  plastics  in  your  product,  let  us  help 
you — before  you  design  if  possible.  Meanwhile, 
send  for  the  complete  Synthane  catalog. 


SYNTHANK  CORPORATION  •  «  RIVER  ROAD  •  OAKS  •  PENNSYLVANIA 


SYNTHANE 


As  your  copy  of  Plastics  Catalog*  will  tell  you,  the  standard  types 
of  laminates  have  been  standard  for  a  good  many  years  and  "their 
properties  and  characteristics  are  dependably  constant." 

^  For  instance,  you  can  count  on  our  type  of 

^  laminated  phenolic  plastics — Synthane — for 
excellent  dielectric  properties — high  di- 
electric  strength,  low  power  factor,  low  di- 
wK-*  electric  constant.  It’s  also  easy  to  machine. 


Light  weight?  The  light  weight  of  Synthane 
is  one  of  its  most  important  properties. 
Synthane  weighs  about  half  as  much  as  alu¬ 
minum.  It  has  ample  strength  for  electrical 
applications  and  for  most  mechanical  uses. 


Corrosion  Resistant?  Yes,  Synthane  resists 
nearly  all  oils  and  solvents,  many  acids  and 
salts.  Often  used  because  it  has  a  longer  life 
per  dollar  than  comparable  materials. 


Strength?  Among  plastics  Synthane  is  one  of 
family  highest  in  tensile,  compressive, 
flexural  and  impact  strengths.  Compares  favor- 
ably  with  metals  on  strength  for  weight  basis. 

*An  approximately  1200-page  compendium  of  plastics  issued  by  the 
publishers  of  Modern  Plastics. 


But  Synthane  really  stands  out  and  stands  up  when  you  want  a 
combination  of  all  the  above  (and  more)  characteristics. 

If  you  have  an  application  where  these  properties  of  Synthane 
would  be  helpful — use  Synthane.  Always  use  plastics  where 
plastics  belong.  Use  coupon  to  get  complete  Synthane  Catalog. 


^^ntlemen: 

Please  sene 
Synthane  tech, 

^otiess_  ~ 

CITY^  ^ 


corporatjon 


without 

plastics. 


SYNTttANE 


'Qoti'on  the 

comp/ef, 


catalog  of 


PLAN  YOUR  PRESENT  AND  FUTURE  WITH  SYNTHANE 
TECHNICAL  PLASTICS  •  SHEHS  •  RODS  •  TUBES  •  FABRICATED 
PARTS  •  MOLDED-LAMINATED  •  MOLDED  MACERATED 


,^|4I>ABIIITY  is  THe 


CHOICE 


el-menco  »s 


EL-MENCO  Capacitor?  The 
physical  dimensions' are  small  but  in  terms  of  performance, 
each  capacitor  is  a  giant.  The  same  sterling  qualities  that  helped 
maintain  vital  communications  for  the  Armed  Forces  under 
grueling  wartime  conditions  are  in  every  EL-MENCO  Capaci¬ 
tor  that  goes  into  your  circuit. 

We  who  design  and  make  EL-MENCO  Capacitors  are  proud 
of  the  reputation  of  dependability  that  our  products  have 
earned.  We  pledge  our  every  effort  to  its  continuance. 


uses, 


ithane 

where 


THE  ELECTRO  MOTIVE  MFG.  CO.,  Inc.  Willimantic,Conn 


Foreign  Radio  and  Electronic  Manufacturers  commu- 

nicflfe  direct  with  our  Export 
j  Department  at  Willimantic, 

J  III  II  Conn,  for  information. 
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COMMON  SENSE  ASSEMBLY  ENGI 


104  P-R  Type  ’‘Z”  Self>tapping 
Srrews  are  furnished  for  assemhiing 
the  fuselage,  wings,  eahaiie  stahil* 
izer  and  rudder  of  this  Metaline 
Skvvahl  Model  Plane. 


Model  builders  with  an  average  amount  of  skill 
and  ordinary  household  tools  can  put  this  nifty  little  plane 
together  witliout  any  trouble,  thanks  to  the  simpler  P-K 
fastening  method. 

Before  starting  production  of  this  first  all-metal  model 
plane,  the  Vahl  Engineering  Company  made  an  exhaustive 
study  of  assembly  and  found  that  P-K  Self-tapping  Screws 
eliminated  the  problems  anticipated  with  more  complicated 
fastenings. 

No  tricky  methods  or  special  equipment  are  necessary. 
The  model  builder  simply  drills  holes  and  drives  the  P-K 
Screws,  which  form  their  own  threads,  hold  firmlv. 

The  same  P-K  advantages  of  speed  and  simplicity  have 
repeatedly  saved  large  airplane  manufacturers  valuable  time 
and  labor  ...  by  eliminating  tapping,  bolting,  riveting. 

It’s  plain  common  sense  to  apply  these  P-K  advantages  in 
your  product  assembly,  wherever  possible.  In  7  out  of  10  jobs 
studied,  P-K  Screws  permitted  savings  in  time  and  labor, 
often  from  30%  to  50%.  Gall  in  a  P-K  assembly  engineer  and 
discuss  your  fastenings  with  him,  or,  send  assembly  details 
to  us  for  recommendations.  Write  Parker-Kalon  Corp., 
200  Varick  St.,  New^  York  14,  N.  Y. 

Sold  Only  Through  Accrmditod  Distributors 


P-K  binding  head  Type  **2”  Screws  fasten  rabane 
to  fuselage.  Slots  permit  wing  assembly  to  l>e 
moved  bark  when  model  is  changed  over  from 
“Class  B”  to  “Class  C”,  with  heavier  motor. 


There  are  IS  P-K  Self-tapping  Type  “Z”  Screws 
in  each  wing  structure,  fastening  spar,  rihs,  lead¬ 
ing  edge  and  tip  securely  together. 


TYPE 


PARKER-KALON  SELF-TAPPING  SCREWS 


Norombor,  7946  ~  ELECTRONICS 


for  Peolc  Performance 
of  FM  and  Television 
1  Receivers 


here’s  a  new  HF  cable  that  will  keep  your  FM  and  Television  receivers 
working  at  peak  performance— free  from  locally-induced  interference,  even 
in  the  most  adverse  locations.  Where  the  performance  of  such  costly 
equipment  is  at  stake,  it  will  pay  you  to  specify  Federal’s  KT51— the 
finest  high  frequency  lead-in  cable  available.  More  costly— but  worth 
more! 

The  twisted,  dual-conductor  cable  cancels  any  noise  or  signals  not 
stopped  by  the  double  braided  shields . . .  because  it’s  electrically  balanced 
and  stays  that  way  in  service,  in  any  position.  It’s  a  rugged  cable,  too— 
remarkably  resistant  to  abrasion,  acids,  alkalies,  oils  and  greases,  as  well 
as  smoky  atmospheres  and  weather. 

Don’t  let  the  lead-in  wire  be  the  “weak  link’’  in  otherwise  perfect 
equipment.  Be  sure  it’s  KT  51— the  HF  cable  with  the  “right  twist”  to 
assure  interference-free  operation.  For  complete  details,  write  to  Dept. 

D-613. 

ELECTRICAL  CHARACTERISTICS  ' 

Nominal  Attenuation  (db/100  ft.)  Maximum  Capacity  Unbalance . 

Frequency  Attenuation  Nominal  Characteristic  Impedance  (ohms) . 9 

10  me .  0.9  Nominal  Capacitance  per  ft.  (uuf) . 1 

30  me .  1.7  Volts  (rms) . 20C 

100  r«K: .  3.6 

300  me .  7.0 

400  me . 10.0 


Newark  1, 
New  Jersey 
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Mo^m 


ALLfN  B  DUMONT  LABORATORIES,  INC.,  PASSAIC,  NEW  JERSEY  •  CABLE  ADDRESS:  ALBEEDU,  PASSAIC,  N.  J.,  U.  S  A 


your  Cathode-Ray  Equipment  ••  • 

P 


DuMont 


®  ACLKN  OU  MONT  LAMORATOIIIB*.  MB. 


CALIBRATED 

SCALES 


Provide  a  convenient  means  tor 
making  calibrated  and  quantita¬ 
tive  measurements  with  a  cath¬ 
ode-ray  oscillograph.  Types  216 
are  available  in  3-inch  and  5-inch 
rectangular  coordinate  scales  cal¬ 
ibrated  in  inches  and  tenths  of 
inch;  also  in  5-inch  polar  coordi¬ 
nate  scales.  5-inch  logarithmic 
scales  are  also  available  for  di¬ 
rect-reading  of  logarithmic  dec¬ 
rements  or  Q  measurements. 


COLOR  FILTERS 


Increase  contrast  at)d  relieve 
eye-strain  by  filtering  out  all  but 
the  desired  light.  Available  in 
the  5-inch  size  for  use  with  blue, 
green  or  amber  screens.  Made  of 
plexiglass  which  fits  between  the 
calibrated  scale  and  the  face  of 
the  cathode-ray  tube. 


VIBRATION  PICKUPS 


Typ>e8  VP-5  and  DP-1  convert  vi* 
brations  into  electrical  potentials 
which  can  be  applied  to  the  in¬ 
put  circuit  of  the  oscillograph. 
The  response  of  the  VP-5  is  pro¬ 
portional  to  velocity;  that  of  the 
DP-1  is  proportional  to  displace¬ 
ment.  The  DP-1  is  especially 
suited  to  low-frequency  work. 


20 
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SEND  FOR  OVR  NEW  l-PNGE  GEAR  CATALOG 


fmall  Gears  are  made  in  almost  endless  variety.  Frequently  their  applications  are  entirely 
without  precedent.  This  was  especially  true  during  the  war.  New  principles,  new  design, 
new  engineering,  a  different  approach  to  power  transmission  problems  .  .  all  these  things 
and  more  are  often  required  to  produce  the  greater  efficiency  and  economy  of  G.S.  Fractional 
Horsepower  Gears.  The  G.  S.  Gear  Catalog  just  printed,  illustrates  and  describes  many  different 
types  and  applications  of  G.  S.  Small  Gears.  It  offers  valuable  aid  to  anyone  concerned  with 
specifying  Gears  from  12  to  96  D.P.  Just  ask  for  a  copy  on  your  company  stationery.  No  cost 
or  obligation  is  involved. 


Specialties 


10  S  LHG[SI  [)(CLUSIV[  M  A  N  U  F  A  C I U  R  [  R  S  OF  FRACIIONAI  HORSFPOWFR  G.FARS 


ELECTRONICS  — November,  1946 
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lUor  View 


Ul  liOIMI 

RELAYS  •  RESISTORS  •  RHEOSTATS 

electric  centre!  w  devices  since  1192 

WARD  LEONARD  ELECTRIC  COMPANY 

32  SOUTH  STREET,  MOUNT  VERNON,  N.Y.  •  orsicis 


WITH  CENTRALIZED  CONTROL  ONE  MAN 
IN  ONE  PLACE  CONTROLS  EVERYTHING  | 


Typical 

Centralized  Panel 


Front  Vlow 


SAFETY  of  dead  front  enclosure  with  operation 
of  oil  mechanisms  from  the  front  offers  greatest 
protection  to  your  operator. 


SIMPLICITY  of  installation  and  wiring  results 
in  reduced  costs. 


SPACE  SAVING  with  the  single  enclosure  is 


accomplished.  Frameworks  and  wail  supports 
are  not  needed. 


ENGINEERED  CONTROL  to  meet  your  own  re¬ 
quirements  at  little  or  nothing  above  the  final 
cost  of  individual  control  units. 


These  are  but  a  few  of  the  reasons  why  alert 
engineers  are  specifying  centralized  control  for 
modern  plant  installations. 


Let  us  show  you  the  benefits.  A  Ward  Leonard 
engineer  will  gladly  help  you  to  select  a 
centralized  control  to  meet  your  exact  needs. 
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Convenience  and  accessibility  of  controls  are 
but  two  of  the  many  potent  arguments  for 
centralized  control.  Here  are  a  few  of  the 
advantages:— 


\ 


I 


injection  molding 
compression  molding  ^ 
transfer  molding 


"These  are 
Good  Numbers- 

4 

i  ‘ 

y '  • 

j 

^  '  '  ? 


make  a  note  of  them! 


The  wells  of  each  painted  calibration,  numeral  and 
character  are  deeply  depressed  —  sharp,  clear, 
clean-cut!  To  achieve  these  results.  Consolidated 
begins  by  engraving  the  scales  into  the  steel  hob. 
Then  when  the  cavities  are  hobbed  in  mild  steel, 
the  characters  are  raised  so  as  to  produce  a  mold¬ 
ing  depth  sufficient  to  anchor  and  hold  the  paint  — 
permanently  I 

Should  you  be  planning  dial  elements  —  identifi¬ 
cation  knobs  —  or  any.  plastic  part  incorporating 
calibration  —  we'd  like  you  to  know  that  our  way 
with  numbers  makes  them  stand  out  —  and  not 
rub  out!  Inquiries  invited. 

I 

Consolidated 

MOLDED  PRODUCTS  Qo\fXa^aiio*t 
■  309  CHERRY  STREET,  SCRANTON  2.  PA. 


B>ic^uJuU  NEW  YORK  .  CHICAGO  •  DETROIT  •  BRIDGEPORT  •  CIEVEIAND 
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This  cress  section  ef  a  MYCALEX-to-metol  molded  component  port  was  made  for  one 
of  the  country's  lending  manufacturers,  and  is  the  resuh  of  close  cooperotion  between 
the  customer's  and  our  own  engineering  staffs.  It  exemplifies  a  new  development  in 
the  melding  of  MYCALEX  410  with  metal  to  form  a  hermetic  seal. 

The' ebiective  was  to  take  advantage  of  the  low  loss  factor  and  ether  desirable 
properties  of  MYCALEX  410  to  produce  a  rugged  bushing  assembly  in  a  single 
molding  operation. 

A  difficulty  was  presented  by  the  extremely  long  and  branched  path  which  the 
MYCALEX  410  had  to  follow.  Total  charge  of  MYCALEX  410  was  7  pounds,  while  the 
metal  weighed  6  pounds  to  make  a  total  weight  of  13  pounds. 

The  MYCALEX  and  metal  were  sealed  into  one  closely>bonded  integral  part,  held 
to  extremely  close  dimensional  tolerances. 

For  more  than  27  years  MYCALEX  has  met  and  surpassed  the  most  exacting  needs 
engineers  have  been  able  to  devise  from  year  to  year.  MYCALEX  410,  together  with 
our  highly  perfected  methods  of  molding  it,  is  the  greatest  advancement  in  this  high 
frequency  low  loss  insulotlon  to  date. 

Our  technical  staff  is  at  your  service.  What  is  your  problem  in  low  less  insulation? 


MYCALEX  CORPORATION  OF  AMERICA 

"Owners  of  'MYCALEX'  Patents" 

Plant  and  General  Offices  CLIFTON,  N  J  Executive  Offices  30  ROCKEFELLER  PLAZA  NEW  YORK  20  N  Y 
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Largest  MYCALEX 
Part 

Ever  Molded 


4 


The  variable  capacitaiiee  feature  of  Lapp  Gas-Filled  (Condensers  |>erinils  you  to 
‘‘lune-to-a-whisker,”  with  power  on,  to  get  the  most  out  of  any  high  current, 
high  power  circuit.  And  once  set,  this  gas-dielectric  unit  delivers  uniformly — 
no  “warm  up,”  no  change  of  capacitance  with  change  in  temperature.  Non¬ 
deteriorating,  too,  the  Lapp  unit  is  truly  puncture-proof  and  will  outlast  al¬ 
most  any  other  components  of  any  circuit  of  which  it  is  a  part.  In  addition  to  the 
variable  unit,  there  are  adjustable  units,  continuously  adjustable  within  their 
range  hut  not  designed  for  fretpient  “tuning  cliaP^  adjustment,  and  fixed  eapaei- 
tanee  units.  Current  ratings  range*  up  to  500  ann>eres  K.M.S.;  power  ratings  to 
()0  Kv  |M*uk  loael.  Capacitance  to  60,fMK)  miiif.  (for  fixed  units);  to  16,000  mmf. 
(variable  and  adjustable  units).  Higher  ratings  on  special  design  order. 
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CALLITE  welds  and 
filaments  give 
Chatham’s  rectifier 
flexibility-plus 


G>ntributing  to  the  built-in  rugged¬ 
ness  of  this  Chatham  type  3B28  rec¬ 
tifier  are  vital  Callite  tungsten  welds 
and  filaments.  Because  of  their  in¬ 
herent  stamina  and  ready  adaptabil¬ 
ity  this  tube  is  better  able  to  stand 
the  "gaff”  of  high  voltage"  service. 

Chatham  Electronics  designed 
the  3B28  rectifier  to  withstand  heavy 
vibration  and  shock,  to  operate  nor¬ 
mally  through  an  ambient  tempera¬ 


ture  range  of  — 75®C.  to  +90°C. 
This  required  tube  components  of 
high  current  carrying  capability  and 
great  mechanical  strength.  That  is 
why  Chatham  called  on  Callite  for 
this  vital  job. 

Leading  electronic  manufacturers 
have  been  relying  for  many  years 
on  Callite  tube  and  lamp  compon¬ 
ents.  They  have  discovered  that  our 
26  years  of  metallurgical  pioneering 


produce  parts  which  safeguard  the 
life  and  performance  of  their  prod¬ 
ucts.  If  you  have  a  particularly 
exacting  or  unusual  problem,  we 
can  help  you  solve  it.  Consult  with 
our  engineers  for  practical  sugges¬ 
tions  and  benefit  from  their  success¬ 
ful  experience.  Callite  Tungsten 
Corporation,  544-39th  Street,  Union 
City,  New  Jersey.  Branch  Offices: 
Chicago  and  Cleveland. 
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Hqrd  glass  loods,  w«lds,  tungslan  and  melybdanwiN 
wfra,  rod  and  shoot,  formod  parts  and  ethor  com- 
pononts  for  oloctron  tubos  and  Incandoscont  lamps. 


I 


YES — f here’s  plenty  of  power 
behind  the  usual  electric 


connection  to  pi 
instrumen^^ 
not  pr<^0^  pi 
goes  wrpitgf 


FEATURES! 


When  a  motor,  instrument  or  other  electrical  equipment 
burns  out,  the  user  is  prone  to  blame  the  manufacturer  for 
not  having  provided  adequate  protection.  It  frequently 
means  costly  delays  and  replacement,  or  expensive  repairs 
—  all  of  which  tends  to  create  a  bad  impression. 

Littelfiise  precision-built  fuses  are  so  inexpensive  that 
every  manufacturer  of  such  equipment  can  effectively  pro¬ 
tect  his  products  and  reputation  at  relatively  small  cost. 
They  embody  special  features  in  engineering,  design  and 
construction  which  insure  the  exacting  protection  neces¬ 
sary  for  highly  critical  equipment,  and  desirable  on  all 
electrical  devices. 

A'  complete  range  of  different  types  anil  sizes  for  in¬ 
strument  protection,  fusing  of  small  motors,  radio  and 
electronic  circuits,  automohile,  aircraft  and  marine  instru¬ 
ments,  and  all  types  of  electrical  equipment.  Fuse  mount¬ 
ings  also  available  for  an  extensive  range  of  applications. 
Write,  phone  or  wire  for  prices  and  specifications. 


Vibration-Creef.  l!tt«lfus«  •Urntrit  twisted 
to  90  dogrees  most  offocfivoly  braces  the 
fuse  element  ogainst  severe  vibration. 


Non-Crystallizing.  Littelfuse  “Gooseneck" 
provides  a  spring-like  formation  at  one  end 
of  the  fuse  element,  which  prevents  crystal¬ 
lization  due  to  repeated  expansion  ond 
contraction.  There  it  no  crocking  ot  the 
fusion  point. 


lockod  Cop  Attombly.  Littelfuse  “Locked 
Cops'*  assembled  with  non-corrosive  fluxes 
prevent  interior  corrosion.  No  difficulty  in 
removing  fuse  for  identification  and  replace¬ 
ment  in  all  types  of  mountings  after  fuse  it 
blown.  Littelfuse  “Locked  Cops"  always 
remain  firmly  in  position. 


4757  RAVENSWOOO  AVE.  CHICAGO  40,  U.S.A. 

NITE-T-UTE  •  SWITCH  LITC  •  IGNITION-FRITZ  •  NEON  INDICATORS  •  SWITCHES  •  CIRCUIT  BREAKERS  •  FUSES^  MOUNTINGS  AND  ACCESSORIES 
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MITCHELL- RAND  INSLJLATION  COMPANY,  INC 

51  MURRAY  STREET 


COrtlandt  7-9264 


NEW  YORK  7,  N.Y 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
Fib«rqlas  Saturated  Sleeving,  Varnished  Tubing 
Asbestas  Sleeving  and  Tape 
Varnished  Cambric  Cloth  and  Tape 
Mica  Plate,  Tape,  Paper,  Cloth,  Tubing 


Fiberglas  Vornished' Tape  ond  Cloth 
Insulating  Papers  and  Twines 
Cable  Filling  and  Pothead  Compounds 
Friction  Tape  and  Splice 
Transformer  Compounds 


Fiberglas  Braided  Sleeving 
Cotton  Tapes,  Webbings  and  Sleevings 
Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  all  types 
Eitruded  Plastic  Tubing 
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REPRODUCERS 


for  clear,  crisp,  intelligible 
Speech*  Reproduction 


Designed  especially  for  speech  reproduction  in  intercom-  I 

munication  and  public  address  applications,  this  Speech  \  | 

Master  family  of  JENSEN  Reproducers,  delivers  clean, 
sharp,  understandable  announcements  and  orders.  Like  all 
JENSEN  products,  these  Speech  Masters  were  completely 
engineered  to  do  their  job  efficiently  and  well. 

MODEL  NJ-300  SPEECH  MASTER  (Railroad  Type). 

PM  design.  Widely  used  in  railroad  intercommunication  in  loco- 
motives,  cabooses,  signal  towers  and  yards.  Rugged  case  protects 
against  shock  and  vibration:  withstands  dust,  smoke  and  the  ele- 
ments.  Voice  coil  impedance  12  ohms;  power  rating,  10  watts. 

Space  provided  inside  case  for  500-ohm  impedance  transformer.  JUI*' 

Overall  height  11-3/4";  width  6-25/32";  depth  4-13/16".  Holes  ,  . 

provided  in  base  for  mounting  in  any  position.  \ 

i  MODEL  •AR-10  SPEECH  MASTER  ^IMtCO S-  design.  Specially 

^  constructed  reflex  horn  increases  efficiency  in  mid-frequency 

|t  range,  giving  added  effectiveness  and  "punch"  to  speech  quality; 

B  prevents  direct  access  of  rain  and  snow  to  speaker  diaphragm. 

B  Voice  coil  impedance.  4  ohms  and  45  ohms;  power  rating,  6  watts. 

B.  Space  provided  inside  for  Vz"  x  Vz"  transformer.  Overall  diameter 

10";  depth  8".  Complete  with  mounting  bracket. 

MODEL  AP-1 1  SPEECH  MASTER  (Panel  mounting).  Similar  to 
AP-10  but  without  base.  Mounts  in  4-27/64"  cut-out;  clearance  eye- 
lets  for  mounting  screws.  Depth  4V2"  from  front  panel.  Screws  and 
drilling  template  included.  Voice  coil  impedance  4  ohms  or  45  Mil 

ohms;  power  rating.  5  watts. 

'Wm  MODEL  AP-10  SPEECH  MASTER  (Desk  or  Wall  type).  B 

PM  design,  desk  or  wall  mounting.  Complete  with  base  and  tilt  1^ 

adjustment.  Double  dustproofed.  Rubber  covered  36"  cord.  Internal  J 

mounting  bracket  for  V2"  x  Vz"  transformer.  Voice  coil  impedance  | 

fr^BBB  4  ohms  or  45  ohms;  power  rating.  5  watts.  Height  6-^/^";  depth 

5 ‘/a":  diameter  5".  Finish  hammered  gray  with  satin  chrome  trim. 

MODEL  NF-300  SPEECH  MASTER  (Navy  Type).  Developed 
for  use  as  a  loud  speaker  and  microphone.  Special  case  design 
over-rides  wind  and  background  noises  for  talk-back.  Enclosed 
case  and  protective  screen  render  this  model  proof  against 
u^B  weather,  dust  and  moisture  design.  Power  rating, 

10  watts;  voice  coil  impedance  12  ohms.  Mounts  in  5H''  cut-out; 
six  screw  holes  in  rim.  Overall  diameter  6-7/16";  depth  (from  front 
.  of  panel)  2-9/64".  Finished  in  Munsel  N4-5  gray  enamel. 

MODEL  AP-20  SPEECH  MASTER  Heavy-duty  unit  for  high- 
level  paging  and  call  systems  in  noisy  industrial  installations. 
PM  design.  Furnished  with  eyebolt  for  overhead  suspension  but 
available  with  stand  for  wall  or  table  mounting.  Voice  coil  impe- 
dance  8  ohms;  power  rating.  25  watts.  Overall  diameter  13 Vi"; 

S  ‘For  full  discussion  of  Speech  requirements,  see  Jensen  Mono- 

r  graph  No.  4. 
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JENSEN  MANUFACTURING  CO. 

6607  S.  LARAMIE  AVENUE,  CHICAGO  3t,  ILLINOIS,  U.  S.  A. 
In  Canada:  J.  R.  Longslafla,  Ltd.,  11  King  Slra«l,  Wa«t,  Toranlo,  Ont. 
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BEAT 

FREQUENCY 

GENERATOR 

TYPE  140-A 


This  instrument  has  found  universal  acceptance  because 
of  its  wide  frequency  coverage  from  20  cycles  to  5  mega¬ 
cycles.  A  five  step  decade  attenuator  provides  a  means 
by  which  extremely  small  output  voltages  can  be  accu¬ 
rately  set  and  a  six  position  switch  enables  any  one  of 
a  variety  of  output  impedances  to  be  quickly  selected. 

SPECIFICATIONS: 

FREQUENCY  RANGE:  20  cycUs  to  5  mcgacycUs  in  two  rang**. 

Low  rang*:  20  to  30,000  cyclos. 

High  rang*:  30  kc  to  5  mogacycl**. 

FREQUENCY  CALIBRATION:  Accuracy  +2  cyclos  up  to  100  cyclos, 
^2%  abov*  100  cyclos. 


STABILITY:  About  5  cyclos  drift  bolow  1000  cyclos.  On  low  rang*, 
drift  bocomos  nogligibi*  porcontag*  with  incroasing  froquoncy. 
On  high  rongo,  drift  is  3%  or  loss. 

ADJUSTMENT:  High  and  low  rongos  hav*  individual  zoro  boot 
odjustmonts.  Low  rongo  may  b*  chockod  against  powor  lino 
froquoncy  with  front  panel  1  inch  cothod*  ray  tub*. 

OUTPUT  POWER  AND  IMPEDANCES:  Rated  powor  output:  On*  watt, 
available  over  th*  low  froquoncy  rongo  from  output  Impodonco* 
of  20,  50,  200,  500,  1000  ohms,  and  over  both  high  and  low 
froquoncy  rang**  from  an  output  impodanc*  of  1000  ohms. 

DISTORTION:  5%  or  loss  at  1  watt  output,  2%  or  loss  for  voHag* 
output. 

VOLTMETER  ACCURACY:  +3%  of  full  seal*  reading. 


For  further  details  write  for  Catalog  D 


QX-CHECKER  type  jjo-a 


This  production-test  instrument  is  specifically  designed  to  compare 
relative  losses  or  Q  simultaneously  with  inductance  or  capacitance  in 
one  operation  and  with  a  single  setting.  Built  to  laboratory  precision 
standards,  the  QX-Checker  is  a  sturdy,  foolproof  instrument  for  use  in 
production  work  by  any  usual  factory  personnel. 

SPEOFICATtONS: 

FREQUENCY  RANGE:  100  kc  to  2S  me  in  6  ranges  using  plug-in  calls. 
ACCURACY  OF  COIL  CHECKS:  Moy  be  checked  against  standard  le  wMMe 
about  0.2%  with  ceil  values  of  10  microhenries  te  10  mUiihenries  end 
Q  ef  100  or  greater. 

capacitance  RANGE:  Capacitance  values  ranging  between  eppresimetely 
2-1000  mmf  may  be  checked  against  a  standard  to  on  accuracy  ef  e  few 
tenths  ef  on*  mmf  if  the  Q  of  the  capacitor  is  high. 


DESIGNERS  AND  MANUFACTUROS  OF 
THE  "O”  MHER  . . .  OX-CNBCKER 
FREQUENCY  MOOUIATEO  SIGNAl  GENERATOR 
RUT  FREQUENCY  GENERATOR 
AND  OTHER  DIRECT  REAOINC  TEST  INSTRUMENTS 


BOONTO 
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ACHESON  COLLOIDS  CORPORATION  jmuoall-i 

PORT  HURON,  MICHIGAN  DEPT.  LL-5 

Pleos«  stnd  mt  without  obligotlen.  a  copy  of  ooch  of  tho  hollotint  cbockod- 


This  new  literature  on  colloidal  graphite  is 

yours  for  the  asking; 

I  460 1  A  data  and  reference  booklet  regarding  **dac** 
'  ■  ’  colloidal  graphite  dispersions  and  their  applica* 

tions.  16  pages  profusely  illustrated. 

- 1  Facts  about  **dag**  colloidal  graphite 

421  for  ASSEMBLING  AND  RUNNINQ-IN 
- '  ENGINES  AND  MACHINERY. 


NAME 


POSITION 


Facts  about  **dag**  colloidal  graphite 
at  a  PARTING  COMPOUND. 


ADDRESS 


Facts  about  **dac**  colloidal  graphite 
as  a  HIGHTEMPERATURE  LUBRICANT. 


r - ,  Facts  about  “dag**  colloidal  gra- 

431  phite  for  IMPREGNATION  AND  SUR- 
■■l  > - ’  FACE  COATINGS. 

Focts  about  **dag**  colloidal  graphite  in  tho  FIELD 
OF  ELECTRONICS. 


OUR  PRESENT  OIL  SUPPLIER  IS 


(Lubricants  containing  **dJIS**  colloidol  graphite  are 
available  from  major  oif  componies.) 
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SPECIAL  WARTIME  DEVELOPMENT  NOW 
AVAILABLE  FOR  PUBLIC  USE  .  .  . 
TYPE  P6  DUMONT  PAPER  CAPACITORS 


0..OS  W.V.fOO 


AC  -  DC  CONTINUOUS 
AT  HIGH  TEMPERATURES 


PAT.  PEND 


★  HEAT  PROOF 

★  MOISTURE  PROOF 
'A  LONGER  LIFE 

★  VACUUM  SEALED 

★  SOLVES  SPACE 
PROBLEMS 


^  Dumont  engineers  scored  in  the  great¬ 
est  single  achievement  in  paper  tubular 
capacitors  .  .  .  meeting  the  most  exact¬ 
ing  requirements.  This  type  P6  has  the 
ends  sealed  in  BAKELITE  RESINOID. 


Leads  cannot  PULL  OUT  or  MELT  OUT 


Bakelite  treated  tubes  sealed  in  vacuum.* 


DUMONT  ELECTRIC  CORP  ■  T\TY*1A7  IVT  V 

MFR'S  OF  CAPACITORS  FOR  EVERY  REQUIREMENT  NEW  YORK,  N.  Y. 
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Dixon’S 


I  t\k  CXnjOLJ^.AJ^C^  Just  as  a  superior  instriimer.t 

responds  to  the  sensitive  fingers  of  a  master  pianist  — so  do  the  true 
degrees  of  Typhonite  FIdorado  leads  respond  to  the  skilled  fingers 
of  a  draftsman.  FIdorado  is  the  easy  drawing  pencil  that  puts 
harmony  in  all  work.  Let  it  work  for  )<>//.' 


DIXON’S  TYPHONITE 


ELDORADO 


PENCIL  SALES  DEPARLMENT,  JOSEPH  DIXON  f :  K  C  C I  H  L  E  CO..  JERSEY  (IT^  C  N.  J 


There  are  so  many  Revere  Metals 
because  no  one  metal  can  possibly 
fill  all  requirements.  For  high  electrical 
and  heat  conductivity,  for  example,  the 
coppers  are  supreme,  but  where  heat 
conductivity  plus  extra  strength  is  re¬ 
quired,  as  in  condensers  ana  heat  ex¬ 
changers,  alloys  such  as  cupro-nickel 
or  Admiralty  metal  may  be  required. 
Special  corrosive  conditions  likewise 
may  affect  the  choice  of  metal.  When 
weight  is  a  factor,  as  in  anything  that 
must  be  moved  by  mechanical  or  man¬ 
power,  there  are  Revere  aluminum  and 
magnesium  alloys.  If  fabrication  costs 
are  an  important  element,  copper  in 
one  of  its  several  types  will  be  selected 
for  some  products,  free-cutting  brass 
rod  for  screw  machine  work,  brass 
sheet  and  strip  for  severe  forming 
operations,  Herculoy  for  the  corrosion 
resistance  of  copper  with  strength  of 
mild  steel  plus  ready  weldability.  Sel¬ 
dom,  however,  is  there  only  one  factor 
to  be  considered  in  selecting  a  Revere 
Metal;  usually  there  are  several,  and 
striking  the  correct  balance  may  not 
be  easy.  In  such  cases.  Revere  is  glad 
to  offer  the  cooperation  of  its  Tech¬ 
nical  Advisory  Service. 

Revere  Metals  are  offered  in  the  form 
of  mill  products,  as  follows:  Copper 
unci  Copper  Alloys:  Sheet  and  Plates, 
Roll  and  Strip,  Rod  and  Bar,  Tube 
and  Pipe,  Extruded  Shapes,  Forgings. 
Aluminum  Alloys:  Tube,  Extruded 
Shapes,  Forgings.  Magnesium  Alloys: 
Sheet  and  Plate,  Rod  and  Bar,  Tube, 
Extruded  Shapes,  Forgings.  Steel:  Elec¬ 
tric  >X'elded  Steel  Tube. 


COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  in  1801 
2  30  Park  Ave.,  New  York  1 7,  New  York 

Mills:  Baltimore,  Md.;  Chicago,  III.;  Detroit,  Mich.; 
Sew  Bedford,,,  Mass.;  Rome,  N.  Y.— Sales  Offices  in 
Principal  Cities,  Distributors  Everywhere. 


Listen  to  F.xploringthe  Unknownon  the  Mutual  Net¬ 
work  every  Sunday  evening,  9  to  9:30  p.m.,  EST. 
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BS 

There  is  a 


DRIYER-HARRIS  ALLOY  for  Every 

■A 

Elertrical  Resistajnce  Requiremont 


NICHROME*^  winding  large 

value  resistors  where  space  factors  call  for  com¬ 
pactness  in  design  without  sacrificing  dependa¬ 
bility.  Available  in  all  shapes  and  sizes  drawn 
down  to  the  extremely  fine  gauge  of  .001” 
diameter — 67  miles  to  the  pound. 


Also  the  time-tested  standard  alloys  for  all  vit¬ 
reous  enamel  resistor  requirements  due  to  the 
complete  absence  of  occluded  gases.  NICHROME 
V  is  particularly  recommended  •  when  a  more 
constant  resistance  at  variable  temperatures  is 
specified. 


MANGANIN  for  Wheatstone 

Bridges,  Decade  Resistan^Boxes,  Potentiometers 
and  National  Bureau  of  Standards  type  resistance 
standards  which  require  fixed  stability  and  con¬ 
stant  resistance  under  normally  variable  operating 
conditions  and  negligible  thermal  e.m.f.  against 
copper. 


ADVANCE*  for  winding  precision  resistors  used 
in  electric  meters  and  laboratory  testing  devices. 
In  finer  sizes  its  negligible  temperature  co-efficient 
of  resistance  combined  with  high  re¬ 

sistivity  makes  it  the  most  desired  alloy  for  this  use. 


In  addition  tol  lose  we  man¬ 
ufacture  over  80  different 
electrical  heat  and  corro¬ 
sion-resistant  <  illoyt.  If  your 
resistance  req  lirements  are 
different  tell  i,  s  about  them 
and  depend  on  it...Driver- 
Harris  will  develope  the 
alloy  best  suited  to  your 
specificotions. 


Nichrome  is  made  only  by 


D  river  -  Ha 

COMPANY 


rris 


HARRISON 


NEW  JERSEY 


•  $mm  fr— dico  •  SMrtit* 


BEAM  TETRODE 


COMPACT  •  POWERFUL  •  DURABLE 

With  graphite,  the  real  hw  temperature  anode 


^Designed  for  service  longevity,  UNITED 
type  5562  will  prove  to  be  a  popular  number 
on  the  VHP  bands  of  the  amateur,  aeronauti¬ 
cal,  mobile,  and  emergency  services.  Con¬ 
servatively  rated  at  175  watts  input  up  to  120 
megacycles.  Authentic  input  ratings  for  higher 
frequencies  will  be  announced  after  comple¬ 
tion  of  further  factory  life  tests. 

Type  5562  has  low  drive  characteristics — 
from  2  to  4.5  watts  dependent  upon  plate  in¬ 
put,  frequency,  and  class  of  operation. 


Type  No. 
5562. 

(Actual  Size) 


GENERAL  CHARACTERISTICS 

Filament,  6.3  volts  at  3.0 

amps. 

Amplification  factor 

— 

60 

Transconductance 

— 

2500  micromhos 

Direct  Interelectrode  capacitances 

Input  to  plote 

.2  mmfds 

Input 

6.5  mmfds 

Output 

1.8  mmfds 

MAXIMUM 

Class  C 

Class  C 

RATINGS 

Phone 

Telegraphy 

D.C.  Plate  Voltage 

1250 

2000  volts 

D.C.  Grid  Voltage  (Grid  #1)  250 

350  volts 

D.C.  Grid  Voltage  (Grid  #2)  350 

400  volts 

D.C.  Plote  Current 

100 

125  ma 

D.C.  Grid  Current 

20 

20  ma 

Plate  Input 

125 

175  watts 

Screen  Input 

8 

8  watts 

Plate  Dissipation 

35 

45  watts 

ELECTRONICS  COMPANY 


NEWAKK,  2 


NEW  JERSEY 


MO.OO  ea. 
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Many  evidences  of  superiority  in 
JOHNSON  condensers  reflect  the  twenty-three  years 
of  experience  that  has  gone  into  them.  Each  type 
is  carefully  designed  by  electronic  engineers  for 
maximum  circuit  efficiency.  A  primary  design 
objective  at  JOHNSON’S  has  been  the  accomod¬ 
ation  of  a  greater  number  of  specific  require¬ 
ments  with  a  standard  condenser  or  minor 
modification  of  a  standard.  JOHNSON’S 
search  for  better  design  and  methods  is 
continuous  and  employs  first  class  engi¬ 
neering  talent  and  equipment.  Many 
developments,  such  as  the  new  plate 
design  mentioned  below,  not  only 
bring  increased  efficiency  but  o 
saving  in  cost. 

JOHNSON  offers  many  stand¬ 
ard  types  from  which  to 
choose  with  capacities  to 
10,000  mmf,  voltage  rat- 
1^  ings  to  30,000.  See  your 

^  ^  distributor  or  write  to 

Dept.  D  todoy. 


F  DUAL 


H  DUAL 


riat«s  for  types  A  and  B  condensers 
are  of  the  new  heavy  rounded  edge 
design  recently  developed  by  JOHNSON 
engineers.  Their  higher  breakdown  volt¬ 
age  permits  closer  spacing,  a  shorter  con¬ 
denser,  lower  minimum,  and  less  inductance 
at  U  H  F.  These  features  combined  with  new 
end  frame  design  reduce  weight  to  minimum, 
yet  cost  no  more,  in  most  cases  less  because  of 
the  soving  in  material. 


C  DUAL 


pfunluct^.  iKcludc 


Condensers  Inductors  Sockets 

R.  F.  Chokes  Q  Antennas  Insulators 

Connectors  Plugs  &  Jacks  Hardware 

Pilot  and  Dial  Lights  Broadcast  Components 
Directional  Antenna  Equipment 


E.  F.  JOHNSON  CO.,  WASECA,  MINNESOTA 
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LET  BENTLEY,  HARRIS  WAR-TIME  RESEARCH  PAY  DIVIDENDS  FOR  YOU  TODAY. 


Soldering  irons  require  an  insulation  of  high 
dielectric  strength  that  can  stand  temperatures  up 
to  1200®  F. — ^will  not  react  to  heat  conducted 
through  wire.  Read  the  results  obtained  by  a  manu¬ 
facturer  who  put  this  problem  up  to  Bentley,  Harris; 

"We  tested  BH  Fiberglas  Sleeving  in  our  sold¬ 
ering  irons  for  over  1,000  hours  of  continuous  duty, 
heating  and  cooling  over  2,000  times.  The  result^ 
were  entirely  satisfactory  without  an^^T^tlS 


heat  resistance  or  in  required  dielectric  strengths.” 

Test  BH  Fiberglas  Sleeving  in  your  own  plant, 
in  your  own  product — under  actual  service  condi¬ 
tions.  Compare  it  with  ordinary  saturated  sleeving. 
See  how  it  remains  flexible  as  string  and  non¬ 
fraying.  Learn  why  America’s  leading  makers  of 
home  appliances,  radios  and  industrial  equipment 
®ve  standardized  on  BH  Fiberglas  Sleevings  in 
meir  plans  for  post-war  production. 
feNTLEY,  Harris  Mf^Co.,  Conshohocken,  Pa. 


*BH  Nofi'Fraying  Fiberglas  Sleevings  are  made  by  an  exclusive  Bentley,  Harris  process  (U.  S.  Pat.  No.  2393530).  “Fiberglas”  is  Reg.  TM  of  Owens>Coming  Fiberglas  Corp. 

- USE  COUPON  NOW - 

Send  samples  and  prices  on  other  BH 
Products  as  follows: 


Bentley,  Harris  Mfg.  Co.,  Dept.  E-4,  Conshohocken,  Pa. 

I  am  interested  in  BH  Non-Fraying  Fiberglas  Sleeving  for  _ _ 

(product) 

operating  at  temperatures  of - "F.  at _ volts.  Send  samples  so  I  can  see  for  myself  how 

BH  Non-Fraying  Fiberglas  Sleeving  stays  flexible  as  string,  will  not  crack  or  split  when  bent. 


□  Magneto  Varnished  Tubing  Grade  "A' 

□  Flexible  Varnished  Tubing  Grade  '*B' 

□  Saturated  Sleeving  Grade  C-1 

□  Saturated  Sleeving  Grade  C-2 

□  Saturated  sieeving  Grade  C-3 


NAME 


COMPANY. 


ADDRESS 
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SHEBBON 


red  wave  shapes,  and  will 
prove  very  useiid  in  the  testing  oi 
amplifiers  cmd  associated  equip¬ 
ment  at  audio  and  video  freeiuen- 
cies.  A  regulated  power  supply  is 
incorporated,  which  supplies  plate 
cmd  screen  voltages  for  all  stages. 


SPECIFICATIONS: 

OUTPUTS — Sine  waves,  square  waves, 
positive  pulses,  negative  pulses, 
and  a  trigger  pulse. 

Impedance  (output)  250  ohms  for 
all  voltages. 

FREQ.  RANGE— 50  cycles  to  50,000 
cycles  for  all  voltages  continu¬ 
ously  variable  with  a  direct  read- 

SQUARE  WAVE  -Rise  time  is  less  than 
.3  ot  a  micro-second  at  the  high¬ 
est  frequency  and  alxMit  .7  of  a 
micro-second  at  the  lowest  fre¬ 
quency. 

PULSES — Pulse  width  of  both  the  posi¬ 
tive  and  negative  outputs  is  vari¬ 
able  from  about  1  to  75  micro¬ 
seconds. 

POWER  REQUIREMENTS -115  V.,  60 

cycle,  300  watts. 


SHEBBON  B.F.  NULL  DETECTOB 

Visual  indications  permit  this  unit 
to  be  operated  in  noisy  locations 
where  cniral  indications  may  be 
useless.  Mery  be  used  as  a  signed 
generator  to  provide  power  at  1  deti 
MC,  or  as  a  sensitive  detector  at 
the  same  frequency.  Both  gen- 
erator  cmd  detector  are  housed  in  pov 
the  some  cabinet. 


SPECIFICATIONS; 
FREQUENCY 
1  MC 

GENERATOR  OUTPUT 
0-5  volts 
DETECTOR  GAIN 
500,000  plus 

HARMONIC  SUPPRESSION 

2nd  down  more  than  100  db 
POWER  REQUIREMENTS 

115  volts,  60  cycle,  120  watts 


SHEBBON  D.C.  VACUUM  TUBE  VOLTMETEB-MICBOAMMETEB 

Measures  minute  direct  current  specifications; 

cmd  voltages  on  a  new  cmd  differ-  ranges — .015,  .05,  .15,  .5,  i.s,  5,  15, 

ent  principle — a  vast  improvement  iNPur^iMPnijwcE— I**  megohnf'o^an 

over  conventional  methods.  Con-  ""iirwhi'c  u'j 

verts  electronicaUy,  the  D.C.  volt-  rf'rsTer.wS'on 

age  to  be  measured  to  alternating  michoammeieb 

voltaaes  oi  a  fixed  frequency —  ranges-.ois,  .05.  .is.  .s.  i.s.  5,  is. 

,  ,  ...  so.  ISO.  SOO  microamps  full  8Cal«. 

amplifies,  and  then  meters.  An  m-  voltage  drop— Maximum  .15  volts. 

,  1  1  .  s  •  On  lower  ranges  it  drops  to  .045 

strument  of  extremely  high  sensi-  volts. 

.  ,  _  IV  j  OHMMETER;  Resistance  can  be  deter- 

tivity.  Cem  also  be  used  as  a  ipined  by  measuring  E  &  I  from 

,  .  ...  4  1  i4  external  power  supply.  With 

megohmmeter  witn  external  volt-  500  volts,  67,ooo  megohms,  gives 

half  scale  reading  on  maximum 

age  source.  range 

POWER  REQUIREMENTS:  115  volts.  60 
cycle,  175  watts. 


l«KLfE41t 
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BEOILELECTRONIC 

_  IMilaiL  ^  Cofperotte 

-  JBTOCSlLWti 


1LD&.  S7  Post  Si,  Sea 


NEW  EDITION  OF  FIDERGLAS  ELECTRICAL 
INSUUTION  MATERIALS  CATALOG  ^ 


Anyone  concerned  with  insulation  for  electrical, 
radio,  electronic  or  video  applications  can  use  the 
Fiberglas  Electrical  Insulation  Materials  Catalog 
to  advantage. 

It  contains  complete  information  about  the  many 
forms  of  Fiberglas  Electrical  Insulation  Materials. 
Indicates  where  and  how  to  use  this  material  to 
obtain  its  many  advantages. 

It  describes  the  unique  combination  of  electri¬ 
cally  and  mechanically  important  characteristics 
of  Fiberglas,  such  as:  resistance  to  high  tem¬ 
perature,  moisture  and  acid;  favorable  space 
factor  and  high  tensile  strength.  It  shows  how 
the  insulating  impregnants  increase  the  effec¬ 
tiveness  of  Fiberglas’  inherent  characteristics 


and  add  others  such  as  high  dielectric  strength, 
insulation  resistance  and  resistance,  to  abrasion. 

You  will  see  why  the  use  of  this  basic,  inorganic, 
insulating  material  is  increasing  so  rapidly — why 
the  mving  is  to  Fiberglas. 

Be  sure  to  have  a  copy  of  this  new  booklet  in 
your  file  for  ready  reference.  Write  for  copy  today 
— there  is  no  obligation.  Owens-Corning  Fiberglas 
Corporation,  Dept.  860,  Toledo  1,  Ohio. 

In  Canada,  Fiht  rglaa  Canada  Ltd.,  Toronto,  Ontario. 
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APS  6  AIR  PUMP 
Th«  DoimO'Victor  designed 
air  pump  is  a  slow-speed, 
single^Hon  piston  pump, 
whicli  requires  no  extra 
power  source.  Air  is  deliv¬ 
ered  to  rear  {ojnt  of  the  an¬ 
tenna  wave  gu^ide,  and  will 
mointoln  a  pressure  of  10 
pounds  per  square  inch 
gauge  at  all  altitudes  up  to 
30,000''  above  seo  level 
against  an  air  leakage  of  4 
cubic  IfKhes  of  free  air  per 
minute. 


FiED  HORN 

This  feed  is  a  pressurised 
X-Band  rearward  directing 
feed  hern  for  circular  para¬ 
boloids.  The  electrical  fea¬ 
tures  include  high  goln,  low 
VSWR,  and  external  tuning 
odjustment.  The  mechanical 
features  include  100  per 
cent  pressure  tight  sealing, 
light  weight,  few  parts,  and 
ease  of  fabrication  and 
assembly. 


At  the  close  of  hostilities  Dalmo-Victor  was  producing 
and  delivering  nearly  90%  of  the  night  fighter  Radar 
Antenna-Scanners  used  by  the  U.  S.  Navy.  We  had  devel¬ 
oped  the  top  quality  product  in  this  field. 


MAIN  GEAR  HOUSING  ^ 
The  AN/APS-6  Antenna  is 
a  high-speed  spiral  type  of 
scanner  driven  at  1200 
r.p.m.  through  enclosed  hel¬ 
ical  gearing,  and  simulta¬ 
neous  nod  motion  is  iittro- 
duced  by  nseons  of  a  crank  | 
reciprocated  rcKk  and  pin-  | 
ion  mechanism  to  impart  a 
nod  motion  of  dt  60*  at  o 
rate  of  ;^15  complete  nod 
cycles  per  minute. 


Our  ‘^know-how’’  is  ready  for  commercial  and  research 
development  purposes,  our  engineering  and  electronic 
research  staff  is  intact,  our  manufacturing  and  testing 
facilities  are  ample.  We  solicit  inquiries  from  electronic 
engineers,  aircraft  companies  —  from  all  who  may  be 
properly  interested. 


APS/6  GENERATOR  ^ 
Dalmo  Victor  dovoiopod  this 
I  2  photo,  20  cycio  gonorater 
for  uso  on.  tho  AN-APS/6 
Antonna,  using  a  pormanont 
magnot  typo  rotor  and  to 
dovoiop,  67  volts  r.m.s.  at 
1200  r.p.m.  Total  harmonic 
contont  doos  not  oxcoed 
5%.  Simplicity  of  construc- 
Hon  makes  possible  ease  of 
I  assembly  arid  phasing. 


SAN  CARLOS,  CALIFORNIA 
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CQ  (bsmc)+ed +  ,^j,+4(ii)=(Tfp+eoi)(iyUHFe)^^ 


CENTRALAB  Quality  button  silver  mica  capacitors  -f  early  delivery  -f-  73  com¬ 
binations  made  up  of  7  styles  with  8  available _terminals-|-4  individual  ins^cfions 
(capacitance,  power  factor,  voltage  breakdown  and  leakage  resistance)  =: Trouble 
free  performance  and  ease  of  mstallation  m  your  Ultra  High  frequency  equ7pment. 


Send  for  Bulletin  586 


PRODUCERS  OF 


Ceramics 

Silver  Mica  Capacitors  Bulletin  720 
Bulletin  630 


Ceramic  Trimmers 
Bulletin  630 


Radiohms 
Bulletin  697 


Tubular  Ceramic 
Capacitors 
Bulletin  630 


Ceromic  High  Voltage  Capacitors 
Bulletin  630 


Selector  Switches 
Bulletin  722 


Ceramic  Plate  Capacitors 
Bulletin  630 
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FOR  AN  HONORED  PLACE 
IN  THE  HALL  OF  FAME 


Perhaps  no  other  single  transmitting  tube  has 
such  a  great  and  rightful  claim  to  fame  as 
has  the  Eimac  450T  triode. 

This  tube,  one  of  the  original  members  of 
the  Eimac  family,  has  consistently  established 
records  for  plus  performance  in  some  of  the 
world's  most  gruelling  applications. 

Long  before  the  vyar  the  Eimac  450T  estab¬ 
lished  a  high  standard  of  dependability  and 
performance  in  the  ground  stations  of  leading 
commercial  airlines.  Because  of  their  outstand¬ 
ing  dependability  and  inherently  superior  cap¬ 
abilities,  these  tubes  were  snapped  up  for 
wartime  duty  in  many  vital  applications. 


Follow  the  Leaders  to 


THE  COUNTERSIGN  OF  DEPENDABILITY  IN  ANY  ELECTRONIC  EQUIPMENT 


UNUSUAL  VERSATILITY 

The  Eimac  4  SOT  is  perfectly  suited 
to  a  wide  variety  of  uses  as  a  mod¬ 
ulator,  oscillator,  or  amplifier.  It  is 
available  as  a  high-mu  (450TH)  or 
low-mu  (450TL)  type.  In  every 
capacity,  the  Eimac  450T  is  tops  in 
its  power  range;  stable,  rugged,  and 
above  all,  proven  over  years  of  suc¬ 
cessful  use. 


450T's  in  airline  ground  stations 
located  everywhere  from  sub-zero 
mountain  passes  to  steaming  jungles 
have  been  reported  going  quietly 
and  efficiently  about  their  jobs  after 
20,000  hours  on  the  air! 


POST-WAR 

IMPROVEMENTS 

The  450T,  proven  before  war  and 
during  war,  stands  today  as  a  greater 
tube  than  ever  before.  Post-war  de¬ 
velopments,  the  result  of  steady, 
intensive  research  in  Eimac’s  labor¬ 
atory,  has  brought  to  today’s  450T 
new  electrodes  for  higher  thermionic 
efficiencies  and  even  longer  life. 

With  these  facts  in  mind,  it’s  easy  to 
see  why  the  Eimac  450T  is  accepted 
over  any  other  triode  of  like  rating. 
This  veteran  tube  has  stood  the  acid 
test  of  time  and  rugged  duty  around 
the  world.  Today  a  still  better  450T 
awaits  your  order.  Inquire! 


LONG  DEPENDABLE  LIFE 

When  the  first  Eimac  450T’s  were  in¬ 
stalled  in  several  major  broadcasting 
stations,  operators  consistently  re¬ 
ported  better  than  15,000  hours  of 
service,  top-notch  performance.  They 
were  astounded  to  see  such  a  com¬ 
pact  tube  do  a  giant’s  )ob.  Eimac 


PERFORMANCE  PLUS 

Performance  is,  after  all,  the  ultimate 
criterion  of  electron  tubes.  The  un¬ 
usual  capabilities  and  low  interelec¬ 
trode  capacitances  of  the  Eimac  450T 
are  two  of  the  reasons  for  its  wide¬ 
spread  use  in  1  Kw  to  5  Kw  stations 
at  frequencies  up  to  60  Me.  And  even 
at  frequencies  up  to  150  Me,  the  450T 
triode  will  provide  a  useful  output. 

HIGH  POWER-GAIN 

In  a  class  B  audio  amplifier,  a  pair 
of  Eimac  450TL’s  will  provide  2200 
watts  plate  power  output  with  a 
driving  power  of  but  15  watts!  Or,  in 
a  class-C  application,  a  single  Eimac 
450TL  will  provide  an  r-f  plate 
power  output  of  1800  watts  with  but 
42  watts  driving  power. 


EITEL-McCULLOUGH,  INC. 

1305E  San  Mateo  Ave.,  San  Bruno,  Calif, 

Export  Agents: 

Frizar  and  Hansen.  301  Clay  St.,  San  Francisco  11,  Calif. 


450W 


tOOO 


POWER  OUTPUT-WATTS 
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Permanently  Insulated 
Wiring  Insures  Your 
Product’s  Performance 

The  leirfe  cable  illuetrated  to  the  left  is 
Rocicbeetot  A.V.C.  Motor  Lead  and  Appa- 
ratue  Cable.  Ineulated  vUh  aebeetoe  and 
rarniehed  cambric,^  and  eoeered  teith  a  heani 
aebeetoe  braid,  it  ie  made  tn  lixee  18  AWO 
to  2fi00.000  CM. 


Ro<kb«stes  Firewall  Hookup  WIro 

This  hr«t.  flame  and  moisture  resistant 
wire,_  insulated  with  high  dielectric  tapes 
and  inapregnated  felted  asbestos  and  cov¬ 
ered  with  color-coded  la<^uered  glass  braid, 
has  a  maximum  operating  temperature  of 
125"  C.  Meal  for  radios,  televismo,  ampK- 
fiers,  calculators  or  small  motor,  coil, 
djoiamotor  and  transformer  leads.  No.  M 
to  4  AWG  in  1000  volt  rating  —  No.  12, 14 
and  16  AWG  in  3,000  volt,  also  in  twisted 
pair,  tripled,  shielded  and  multi-conductor 
const  ruct  ions, 


No  matter  how  carefully  you  plan,  it’s  hard  to  determine  just  how  well  your  new 
product  is  going  to  perform  in  actual  ser\nce.  But  you  are  in  a  position  to  know 
whether  it  generates  heat  that  may  bake  out  and  crack  the  insulation  of  the  wiring 
or  cause  it  to  flow.  And  you  can  also  anticipate  whether  it  will  be  used  in  hot  places 
where  high  ambient  temperatures  could  have  similar  harmful  effects  on  the  wiring. 
Or  whether  it  will  be  subject  to  attack  by  corrosive  fumes,  oil  or  grea.se. 

In  all  such  cases  'permanently  insulated  wiring  is  a  mvst.  And  the  name  to  re¬ 
member  for  complete  assurance  of  permanence  is  Rockbestos.  Each  of  the  125 
wires,  cables  and  cords  in  this  time-tested  line  was  dev’eloped  to  outlast  the 
products  in  which  they  are  installed.  Write  for  catalog  or  rwommemlations. 

ROCKBESTOS  PRODUCTS  CORPORATION,  441  NICOLL  ST.,  NEW  HAVEN  4,  CONN. 


ROCKBESTOS  A.  V.  C.  600  VOLT 
SWITCHBOARD  WIRE 

{National  Electrical  Code  Type  AVB) 
This  wire  wm  designed  to  make  compli¬ 
cated  wiring  jobs  permanent.  The  impreg¬ 
nated  felt<^  asbestos  wall  beneath  the 
flameproofc<l  cotton  braid  is  beat,  flame 
and  moisture  resistant  and  awnires  fine 
appearance  of  hoards  as  it  gives  on  bends 
to  prevent  braid  cracking.  Sixes  IS  to 
4/0  AWG  with  s(*lid  or  .stranded  conduct  ora 
in  black,  grey,  or  ci*lors.  Rockbestos  .V.V.C, 
Hinge  and  Bu.s  (.)able  have  the  .same 
charaeterUtics. 

Three  arc  bid  a  fev  of  the  125  different  per¬ 
manently  insulated  vires,  eabtes  and  cordo 
designed  hy  Rockhento*  to  meet  sererc  or  ui»- 
usual  opt  rating  coiuliiions. 


The  Wire  with  Permanent  Insulation 


NEW  YORK 


IW  FR.\NaSCO 


CLEVF.LAND 


CHICAGO 


ST.  LOUIS 


PORTLA.ND,  ORE. 


BUFFAIX) 


PITTSBl’RGH 


November,  7946  —  ELECTRONICS 


ByeO» 

ehi*^* 


end,  -fep-"** 
precision  m- 
,  labotato”**’ 

c  instattations 

ats  a  vital  con- 

I  measurement. 

engioe«‘"8 

Modern  sctenc^ 
significant 

den  the  fieW  <>[ 

,rime^eateno- 

— on  most  P 


btougfity  now 

»«"'"*:rele!ttical»nd 

^*"°‘d*Uotld.Eac 

‘"TrantmpVet 

'.nr---- 

abletomaKe 

instruments.  Send  . 


pact 


than  1%.  (Distortion  not 
more  than  V2%  at  1  watt  out¬ 
put.)  Frequency  control  is 
accurately  obtained  by  direa 
or  a  vernier  tuning  over 
a  large  illuminated,  no-jpar* 
allax  dial.  Price  $190.00  rOB 
Palo  Alto. 


■  allax  dial.  Frtce$19C 

I  Palo  Alto. 


450A  AMPLIFIER 

A  stable,  wide-band,  general  purpose  labora¬ 
tory  instrument.  40  db  or  20  db  gain  of  un¬ 
usual  stability,  low  phase  shift.  Frequency 
response  Hat  within  y2  db  between  10  and 
1,000,000  cycles.  Input  impedance  1  megohm 
shunted  by  15  M«fd.  Internal  impedance  less 
than  150  ohms  over  entire  range.  Fully  oper¬ 
ated  from  115  volts,  60  cycles  AC  power 
supply.  Can  be  used  with  400A  Vacuum 
Tube  Voltmeter  to  measure  voltages  as 
low  as  50  microvolts.  Price  $125.00  FOB 
Palo  Alto. 


330B  DISTORTION  ANALYZER 

Unusually  valuable  for  measurement  through 
the  audio  spectrum  in  broadcast,  laboratory 
or  production  problems.  Measures  "total” 
distortion  at  any  frequency  from  20  Cps  to 
20,000  Cps,  and  will  accurately  make  noise 
measurement  of  voltages  as  small  as  100  mi¬ 
crovolts.  Linear  r-f  detector  makes  possible 
measurement  direa  from  modulated  r-f  car¬ 
rier.  May  be  used  as  voltmeter  for  measuring 
voltage  level,  power  output,  amplifier  gain; 
or  serves  as  high-gain,  wide-hand  stabilized 
amplifier  with  maximum  gain  of  75  db.  Price 
$375.00  FOB  Palo  Alto. 


410A  VACUUM 

TUBE  VOLTMETER 

Measures  voltage  over 
wide  frequency  range 
(from  audio  to  micro- 
wave  regions)  at  high 

impedance.  High  input  impedance  and  low* 
shunt  edacity  makes  possible  testing  video 
and  VHF  amplifier  circuits  w  ithout  disturbing 
circuit  under  test,  ac  measurements :  Six 
ranges,  full-scale  readings  from  1  to  300  volts. 
Input  impedance  6  megohms  in  parallel  with 
1.3  MMfd.  Frequency  response  20  Cps  to  ~00  Me, 
i:l  db.  dc  measurements:  Seven  ranges,  full- 
scale  readings  from  1  to  1000  volts.  Input  im¬ 
pedance  100  megohms,  all  ranges.  Resistance 
measurements:  Seven  ranges,  mid-scale  read¬ 
ings.  10  ohms  to  10  megohms.  Price  <210.00 
FOB  Palo  Alto. 


rwinn  1 


710A  POWER  SUPPLY 

Ideal  power  supply  for  general,  laboratory,  or 
production  use.  Delivers  any  required  voltage 
between  180  and  360  volts,  with  approximately 
1%  variation  for  output  cur¬ 
rents  of  from  0  to  '5  ma. 
Maximum  current  100  ma. 
Line  voltage  variation  of 
±10%  causes  less  than  1% 
change  in  output  voltage. 
Total  noise  and  hum  output 
is  less  than  .005  volts.  Sup¬ 
plies  up  to  5  amps  at  6.3 
volts  ac  for  heating  filaments. 
Either  positive  or  negative 
terminal  may  be  grounded. 
Price  $75.00  FOB  Palo  Alto. 


Powbr  Supplies  •  Fr»qu»ney  Standards  •  Amplifiert  •  Electronic  Tachometers 
Frequency  Meters  •  UHF  Signal  Generators  •  Square  Wave  Generators 


Noise  end  Distortion  Analyzers  •  Audio  Signal  Generators  •  Attenuaton 
Audio  Frequency  Oscillators  •  Wove  Analyzers  •  Vacuum  Tube  Volfmefee$ 


201B  AF  OSCILLATOR 

Meets  every  requirement  for  speed,  ease  of 
operation,  accuracy  and  purity  of  wave  form 
in  FM  and  other  fields  where  high  fidelity  is 
important. 

Frequency  range  from  20 
Cps  to  20  Kc.  Up  to  3  watts 
wer  into  600  onm  resistive 
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INSIST  ON  PnOOT  BY  TPIAL 


Do  you  do  soldering,  brazing,  surface-hardening,  anneal¬ 
ing  or  other  heat-treating  operations?  Or  do  you  use  heat 
to  treat  non-metallic  substances  such  as  plastics,  ply¬ 
wood,  rubber,  etc.? 

It  is  quite  possible  that  you  can  use  electronic  heating 
apparatus  for  these  operations,  profitably  replacing  older 
and  slower  heating  methods.  The  savings- and  increased 
efficiency  are  decidedly  worthwhile.  The  speed-up  in  pro¬ 
duction  is  as  great  as  700%  in  some  instances.  Work 
that  formerly  took  minutes  or  hours  now  requires  only 
SECONDS. 

Investigate  the  possibilities  of  high  frequency  heating 
for  your  production.  But  be  sure  and  get  plenty  of  sound 
experienced  advice  before  you  buy.  Don’t  just  buy  a 
’’machine.”  Let  our  eng^ineers  prove  to  you  by  actual  dem¬ 
onstration  under  your  own  conditions,  how  Scientific 
Electric  equipment  fits  your  exact  needs.  Remember,  there 
is  no  such  thing  as  an  all-purpose  electronic  heater.  Each 
individual  operation  and  each  factory  production  set-up 
requires  a  specific  type  of  installation,  with  the  proper 
combination  of  frequency  and  power  output.  Consult  us 
without  obligation.  We  will  engineer  the  right  installa¬ 
tion  to  your  particular  requirement.  Buy  nothing  till 
we’ve  PROVED  IT  BY  TRIAL  for  you. 


Scientific  Electric  Bectruic  Heoters 
ore  mode  in  the  folleMlity  ronge  of  power; 

3— 5— 772 — 8—10—1 2Vi — 1 5—1 8 — 25— 
40 — 60—80 — 100 — 250  KW  — and  range 
of  frequency  up  to  300  Megacycles  depend¬ 
ing  on  power  required. 


44 
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Originators  of  Shear  Type  Bonded  Rubber  Mountings 


A  LITTLE  WORLD  ALL  ITS  OWN 


METER  INSTALLED 
WITH  MOUNTING 


AN  accurate  meter  is  a  sensitive  mechanism, 
and  a  sensitive  mechanism  is  also  a  delicate  mechanism. 
It  can’t  stand  the  buffetings  of  vibration,  and  continue 
its  normal  functioning.  Yet  some  of  the  most  impor¬ 
tant  services  that  meters  render  must  be  rendered  in 
the  midst  of  chaotic  disturbances. 

The  Lord  Meter  Mount  creates  a  new  environ¬ 
ment,  an  environment  of  peace  and  quiet  in  the  midst 
of  turbulent  vibration,  for  the  sensitive  and  delicate 
instrument,  a  little  world  of  its  own  that  is  limited  by 
the  soft  circular  cushion  of  rubber  that  surrounds  it. 
It  goes  on  quietly  registering  speed,  or  altitude,  or 
temperature,  or  amperes,  with  self-possessed  efficiency. 


In  a  generation  of  pioneering  vi¬ 
bration  control  we  have  solved  thou¬ 
sands  of  vibration  problems  which 
have  come  to  us.  The  problem  which  is 
new  to  you  may  be  old  to  us,  with  the 
data  in  our  files  and  the  product  in  our 
line  to  meet  it.  If  it’s  a  new  problem, 
remember  that  every  problem  was  new 
when  we  started.  We’ll  find  a  solu¬ 
tion,  and  if  necessary  we’ll  make  a  new 
product  to  put  it  into  effect. 


Every  genuine  Lord  Mounting 
carries  the  name  “LORD” 
embossed  in  the  rubber  or  in 
raised  letters  on  the  forgings. 
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SANGAMO  MBTAL<ASEP  MtHERAL 
OIL  PAPER  CAPAOrORS  _ 


&d^m\ 


JACK  OF  ALL  TRAPES 


Mineral  oil  filled  to  assure  longer 
life  and  more  stable  performance 
over  a  wider  range  of  operating 
temperatures. 


SANGAMO 

ELECTRIC  9  COMPANY 

SPRINGFIELD  •  ILLINOIS 
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GOOD  COMPANY 


WRITE  FOR  OUR  NEW  CATALOG. 


KARP  METAL  PRODUCTS  CO.,  inc. 

in  Q^Aee/ ^.y^e/aA 


We’re  not  pretending  we  belong  in  any  Gallery 
of  the  Great.  It’s  just  our  way  of  calling  atten¬ 
tion  to  the  fact  that  a  manufacturing  organization, 
as  well  as  a  famous  personage,  can  have  character 
and  individuality. 

Through  the  years  the  Karp  organization  has 
become  known  as  a  good  company  to  do  business 
with  —  a  company  with  a  likeable  personality  —  a 
company  that  understands  and  practices  coopera¬ 
tive  service. 

Because  our  experience  and  craftsmanship  in 


sheet  metal  fabrication  mean  good  business  for  our 
customers,  our  services  are  preferred  by  many  of 
the  “great  names”  in  American  industry.  We’re 
extremely  proud  of  the  outstanding  firms  we  serve. 

They  like  our  work.  They  like  the  sound  value  our 
work  represents.  They  find  their  relations  with  us 
helpful  and  pleasing. 

If  you  are  not  already  on  our  list  of  customers, 
let’s  get  acquainted.  Consult  us  for  superior  crafts¬ 
manship  in  cabinets,  housings,  chassis,  racks,  boxes, 
enclosures  or  any  type  of  sheet  metal  fabrication. 


!  ■;  : 
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The  Bradleyometer  Resistor 
is  solid-molded  and  thick 
■V  '  V  •  •  •  not  just  sprayed  film 

J 

The  heart  of  an  adjustable  composition  rheostat 
\  /  or  potentiometer. . .  like  the  Type  J  Bradleyometer 
...  is  the  resistor  element.  If  it  is  a  fragile,  sprayed 
film,  it  cannot  hold  up  satisfactorily  under  frequent 
operation,  rapid  climatic  changes,  or  overload. 
But  if  it  is  a  thick,  solid-molded  ring  ...  as  in  the 
Type  J  Bradleyometer ...  it  has  long,  trouble-free 
life  built  into  it.  And  its  2-watt  rating  has  a  big 
safety  factor,  tdo. 

Type  J  Bradleyometers  can  be  furnished  in 
single,  dual,  or  triple  unit  construction.  Built-in 
switch  is  optional.  Let  us  send  you  specifications. 
Allen-Bradley  Company,  HOW.  Greenfield  Ave., 
Milwaukee  4,  Wis.  > 


The  resistor  element  is  molded  os  a  single 
unit,  with  insulation,  terminals,  face  plate, 
and  threaded  bushing.  There  are  no  rivets, 
welded  or  soldered  connections. 


FIXED  &  ADi^STABLE  RAD 


RESISTORS 


During  manufacture,  the  resistance  may  be 
varied  over  its  length  to  provide  any  resist¬ 
ance-rotation  curve.  After  molding,  heat,  cold, 
moisture,  or  hard  use  cannot  affect  it. 
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*  More  Than  Relays... 

It’s  ClARE  Reputation 
They  Hold  In  Their  Hands! 


standard  frame  so  as  to  provide  a 
relay  ideal  for  the  specific  require¬ 
ment.  This  makes  possible  a  flexi¬ 
bility  of  design  and  construction 
which  gives  unusual  operating  relia¬ 
bility  even  under  severe  conditions  of 
temperature,  humidity,  atmospheric 
pressure  or  vibration. 

See  your  nearest  Clare  sales  engineer. 
They  are  located  in  principal  cities  to 
work  with  you  in  the  development  of 
"custom-built”  relays  to  meet  your 
most  unusual  relay  requirements.  Let 
them  show  what  Clare  "custom-build¬ 
ing”  can  mean  to  you.  Do  you  have 
the  new  Clare  Engineering  Data  Book  } 
If  not,  send  for  your  copy  today. 
Address:  C.  P.  Clare  &  Company, 
4719  West  Sunnyside  Ave.,  Chicago 
30,  Ill.  Cable  Address:  CLARELAY. 

In  Canada:  Canadian  Line  Material  Ltd.,  Toronto  13 


♦  Relays  are  no  side  line  with  Clare. 
Precise,  "custom-built”  relays  are  our 
Itock  in  trade. 

Through  these  trained  fingers  in 
C  hire’s  modern  test  laboratory  pass 
every  Clare  "Custom-Built”  Relay  to 
make  sure  that  each  fulfills  the  cus¬ 
tomer’s  requirements  exactly.  Oper¬ 
ate  and  release  current  .  .  .  contact 
sequence  .  .  .  contact  pressure  .  .  .  coil 


Clare  Mkro-Adjuslment  Relay — This  Ctare 
Micro-Adjustment  Relay  is  capable  of  unusu¬ 
ally  precise  adjustments  for  marginal,  close 
differential  operation.  It  is  for  use  in  appli¬ 
cations  where  extremely  accurate  adjustment 
is  required. 

The  armature  tension  is  adjusted  by  tight¬ 
ening  or  loosening  the  spring  which  is  attached 
to  a  post  at  the  armature  end  of  the  relay. 


Clare  Mercury  Contact  Relay — Shown 
above  is  a  Clare  Type  "M2”  Mercury  con¬ 
tact  relay  with  glass  enclosed  contacts.  The 
mercury  contact  is  mounted  on  a  tilt  table 
attached  to  the  heelpiece  of  the  relay.  These 
relays  must  be  mounted  horizontally.  Clare  also 
provides  Mercury  contact  relays  with  Bakelite 
erKlosed  contacts  and  with  metal  contacts. 


RELAYS 


Poet-formed  Lamicoid  laminated  plas¬ 
tic  used  by  RCA  as  an  antenna  case 


RCA-Victor  uses  a  post-formed  Lamicoid 
laminated  plastic  part,  on  which  is  stamped 
the  RCA  trade  name,  as  an  insulating 
part,  and  a  case  for  the  internal  antenna 
on  their  66BX  Globetrotter — the  port¬ 
able  radio. 

Whatever  your  uses  and  requirements 


may  be  for  a  laminated  plastic  insulating 
material  for  electric  and  electronic  equip¬ 
ment,  we  can  supply  you  with  Lamicoid 
because  it  is  available  in  so  many  grades 
and  types.  Coil  forms,  panel  boards,  charts, 
signs,  gears,  machine  parts  and  many 
other  insulating  or  structural  pieces  can 
be  made  of  Lamicoid  to  exact  specifications. 

Lamicoid  has  high  dielectric  strength, 
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Lamicoid  used  on  this  terminal 
block  can  be  machined,  sawed, 
drilled  and  easily  printed  for 
circuit  identification.  Lamicoid 
sheets  are  obtainable  with  rubber 
for  terminal  connections  that 
must  be  sealed  against  moisture 
and  various  liquids. 


Mechanical  Calculator — 
which  utilizes  graphic 
Lamicoid.  This  type  of 
Lamicoid  is  widely  used 
for  wiring  diagrams,  in¬ 
strument  panels,  flasher 
and  elevator  signals,  etc. 


high  mechanical  (compressive)  strength, 
is  suitable  for  both  high  and  low- voltage, 
and  low  power  factors — and  is  staple  under 
varying  atmospheric  conditions.  Lamicoid 
is  available  in  sheets,  rods  and  tube  forms 
.  .  .  and  made  with  different  resin  binders 
to  meet  specific  operating  conditions. 

Mica  Insulator  Company  is  head¬ 
quarters  for  all  types  of  insulating  ma¬ 
terials,  backed  by  half  a  century  of  prac¬ 
tical  experience  which  dates  from  the  very 
beginning  of  electrical  insulation.  That’s 
why  you  can  always  be  sure  of  receiving 
from  Mica  engineers  honest  and  impartial 
suggestions  as  to  the  best  solution  to  your 
insulating  problems.  Write. 


Example  of  how  graphic  Lamicoid  can  be  uaed  as 
an  insulating  material  and  as  an  indicating  medium. 
Available  in  translucent,  opaque,  rigid  or  flexible, 
translucent  engraving  or  fluorescent  graphic  for 
name  plates,  signs,  charts,  diagrams. 


This  coil  form  is  made  of  canvas-back  Lamicoid. 
Let  the  Mica  Insulator  Company,  with  over  50 
years  of  practical  experience  suggest  the  types  of 
Lamicoid  best  suited  to  the  exact  requirements 
of  your  product. 


Dept.  22,  Schenectady  1,  New  York 

sales  OFFICES:  Boston:  285  Columbus  Avenus;  Chicago:  600  Wsst  Von  Buren  Siroot;  Cincinnati:  3403  Hazelwood  Avenuo;  Clovoland:  1276  West  3rd 
Stroot;  Dotroit:  Book  Building;  Now  York:  200  Varick  Street;  St.  Louis:  455  Paul  Brown  Building;  Philadelphia:  1119  Real  Estate  Trust  Building;  Rochester: 
817  Commerce  Building;  Western  Fiberglas  Supply,  Ltd.,  739  Bryant  Street,  San  Francisco  7;  937  South  Grand  Avenue,  Los  Angeles  15. 

FABRICATORS:  Lamicoid  Fabricators,  Inc.,  3600  Potomac  Avenue,  Chicago,  III.;  Insulating  Fabricators,  Inc.,  69  Grove  Street,  Watertown,  Mass.; 
Insulating  Fabricators,  Inc.,  12  East  12th  Street,  New  York  City;  Bakoring,  Inc.,  1020  Houston  Avenue,  Houston  10,  Texas. 


ELECTRONICS  —  November,  1946 


'ti 


for  Broadcast  Managers 


Listeners 


ineers 


that  it  pe 

not  play. 

J’hese  tones 
at-  process  known 
tyth,  ^>ss  mofiujati 
,  ‘‘‘e^  F'tter  and  rec 
and”  ■  ’ 

that  I 

'ay.’*  FROM 


"ices  jl 

was  4  rtiiisicAl 

ious 

Lsred  IS  jp 

Jr  actu 

fr-  studio  that 

jtt  ^cndation  < 

Id 


jgP^oducti 


II’  is  lt»w  cross  iiKxliilation  (intermodulatioii).  as 
Major  Armstrong  points  out,  which  allows  FM 
to  reproduce  only  the  notes  actually  played  and 
thus  achieve  such  naturalness  of  tone. 

Western  Electric’s  Synchronized  FM  trans¬ 
mitters  are  unique  in  FM  broadcasting  because  of 
their  unusually  low  intermodulation  protlucts  — 
achievetl  by  a  complete  separation  of  the  oscilla- 
tor-modidator  circuit  from  the  frequency  control 
circuit. 

For  other  important  features  of  Western  Elec¬ 
tric’s  complete  new  line  of  FM  transmitters,  con¬ 
tact  your  nearest  Graybar  Broadcast  Equipment 
Representative,  or  write  to  Graybar  Electric  Com¬ 
pany,  420  Lexington  Avenue,  New  York  17,  N.Y. 


Unexcelled  Performance  of 
Western  Electric  FM  Transmitters 


Audio  Frequency  Responw  . 

Harmonic  distortion  —  for  ±75  KC  Hwing 
—  for  ±10()  K(]  swiiir 

I ntirmttdulation - for  ±75  K(.' sirinn 


±0.25  DH  from  .50  to  1.5,000  cycles 
l.«Hs  than  0.5%  from  30  to  1.5,000  cycles 
l..esB  than  0.75%  from  30  to  1.5.000  cycles 
/yTss  than  0.5  %for  80%  30  cycles  and 
20%  1000  cycIps;  less  than  1.0%  for 
80%  50  cycles  and  20%  7000  cydes 
6.5  DB  below  ±75  KC  swinj? 

.50  DB  below  100%  amplitude  modulation 
I  .ess  than  2000  cycles  deviation 
(no  crystal  heater) 


F  M  n<iise  level . 

.AM  noiae  level . 

Carrier  Frequency  stability 


Western  Electric 

—  QUALITY  COUNTS  — 
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Made  in  U.S.A.  By 

Minnesota  Mining  &  Mfg.  Co 
3M  COMPANY^^hmh^^ 


A  STREAMLINED  METHOD 

OF  FASTENING 
i  MOTOR  COILS 


LOOP  TAPE  AROUND  COILS 


"SCOTCH*’  Electrical  TAPE  simplifies  and 
speeds  up  fastening  motor  coils  after  the 
winding  operation.  The  procedure  is 
shown  on  the  left. 

1 —  A  single  piece  of  "SCOTCH”  Elec¬ 
trical  TAPE  is  passed  inside  the 
coils  and  brought  around  the  out¬ 
side  with  the  adhesive  side  bear¬ 
ing  against  the  coils. 

2 —  The  adhesive  faces  of  the  tape, 
pressed  together  between  the  coils, 
provide  a  tight,  secure  band  for 
each  coil. 

3 —  When  cut  apart  each  banded  coil 
is  held  neatly  in  place. 

This  operation  is  just  one  of  the  countless 
ways  in  which  "SCOTCH”  Electrical  TAPES 
speed  up  and  simplify  the  production  of 
electrical  equipment.  There  are  more  than 
twenty  distinct  types  of  "SCOTCH”  Elec¬ 
trical  TAPES,  each  designed  to  perform 
some  specific  electrical  holding  or  insul¬ 
ating  task.  Write  Department  R  for  samples 
and  complete  information. 


PRESS  ADHESIVE  SIDES  TOGETHER 


CUT  BETWEEN  COILS 
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Accurately  detects  sources  of 
wear,  strain  and  noise . 


^  The  Televise  Model  11-B  Vibrometer  electronically  measures  the 
vibration  characteristics  of  any  moving  surface  instantly  and  accu¬ 
rately.  Unnecessary  wear,  strain  and  noise  no  longer  need  be  tolerated 
in  industrial  machinery,  and  in  the  integral  parts  of  products. 

The  Vibrometer  is  an  invaluable  design  aid.  It  prevents  breakdowns, 
locates  trouble,  speeds  production,  reduces  rejects. 

It  is  particularly  useful  in  measuring  the  vibration  in  motors,  gears, 
bearings,  rotors,  fans,  propellers,  presses,  aircraft  structures,  stokers, 
etc.  Ninety-five  percent  of  all  vibration  measurements  needed  by  in¬ 
dustry  are  covered. 

All  three  types  of  vibration  are  registered  on  a  calibrated  meter  scale : 
displacement,  where  the  vibration  may  be  felt  but  not  seen;  velocity, 
where  the  vibration  is  minute;  acceleration,  where  the  vibrating  sur¬ 
face  is  small. 

Consisting  of  an  integrated,  amplified  vacuum  tube  voltmeter  with  a 
cable-attached  piezo-electric  Rochelle  salt  crystal  search  prod;  the 
Vibrometer  is  equipped  with  interchangeable  fittings  which  permit 
innumerable  applications. 

Sturdily  constructed  and  portable,  the  Vibrometer  is  practical  for 
field,  laboratory  and  production  use.  Operation  is  simple.  Write  today 
for  complete  technical  data. 


Operation:  I0S-I2S  volt,  SO-M  cydo. 

power. 

Frequency  Response  5-2500  cps.,  uniform  within 

with  Search  Prod  2%.  Correction  graph  to  2 

Plugged  in:  cps.  can  be  supplied. 

Weight:  31  pounds. 

Size:  17"  higk  12"  deep.  II Vj" 

wide,  10°  slope. 

Displacement  Range:  5  ranges,  O-.OI'^,  O.-.OS",  O-.l", 
0-.3".  0-1"  in  RMS  displace¬ 
ment. 

Velocity  Range:  5  ranges  (in  inches  per  sec¬ 

ond),  0-1,  0-3,  0-10,0-30,0-100. 

Acceleration  Range:  5  ranges  (in  inches  per  sec¬ 
ond  per  second),  0-100,  0-300, 
0-1000,  0-3000,  0-10,000. 

Output  Jach:  Available  at  rear  of  Vibro- 

meter  for  use  with  phones, 
oscillograph,  wave  analyzer, 
or  recording  devices. 

Construction:  AH  aluminum  mechanical 

components  housed  In  a  solid 
oak,  copper  lined  cabinet. 
The  blacK,  wrinkle-finish  panel 
is  engraved. 

Guaranty:  The  Vibrometer  is  guaranteed 

for  two  years. 


November.  1946  —  ELECTRONICS 


Y 


OF  D-C  CAPACITORS 


It’s  an  open  secret  among  the  trade  that  G-E 
Pyranol  capacitors,  w  hich  enjoyed  such  an  enviable 
reputation  before  the  war,  are  now  better  than  ever ! 

Ihe  reason  for  this  is  obvious.  Some  pretty 
tough  demands  had  to  be  satisfied  during  the  war. 
The  strict  quality  control  methods,  new  manufac¬ 
turing  techniques,  and  improved  materials,  instituted 
at  that  time  have  produced  outstanding  results 
which  General  Electrie  has  now  incorporated  in  a 
new  line  of  Pyranol  capacitors  designed  to  meet 
commercial  requirements. 

I  his  new  listing  makes  available  a  wider  range 
of  sizes,  ratings,  and  mounting  arrangements  with 
characteristics  for  oper- 
ation  over  wider  temper- 
ature  ranges  (  — 55^C  to 

“|-85°C),  at  altitudes  up  wflV/mK/fmfffviiM 


GENERAL  ii  ELECTRIC 


to  7500  ft. 

These  Ci-E  *Pyranol-treated  fixed  paper  dielec¬ 
tric  capacitors  range  in  size  and  shape  from  bath¬ 
tub  and  small  rectangular  ease  styles  to  large, 
welded  steel  ease  designs.  Capacity  ratings  from 
.01  muf  to  100  muf,  and  voltage  ratings  from  100 
to  100,000  volts  are  listed.  T'he  high  dielectric 
strength  and  stable  characteristics  of  the  special 
Pyranol-impicgnated  Kraft  paper  arc  hermetically 
sealed  into  these  non-infiammable  units,  thus  as¬ 
suring  long  life. 

*Vyranol  is  General  Electric’s  non-inflammable  liquid  dielectric  for  capacilort. 


GENERAL  ELECTRIC  COMPANY 
Apporatut  Deportment,  Section  K  407*108 
Schenectady  5,  N.  Y. 

Gentlemen:  Kindly  send  me  further  information  on  "'Fixed 
Paper  Dielectric  Capacitors  for  DC  Applications." 


Organization 
Address . 
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UnH  539 
Portabim 
Recorder 


for  professional  portable  recordersi 


if  desired,  and  leveled  up  on  its  own 
four  legs  on  a  bench  for  operations  or 
mechanical  adjustment 

Here  again,  Fairchild  is  thinking 
ahead  in  terms  of  increasingly  higher 
standards  of  performance  for  both  AM 
and  FM  broadcasting  and  professional 
recording  by  adding  vibration-free  per¬ 
formance  to  already  attained  wide 
dynamic  range,  minimum  distortion 
content,  wide  frequency  range  and 
split-second  timing. 

Unit  539  Portable  Recorder,  mounted 


Once  again,  Fairchild  takes  the  lead  in 
improved  sound^  equipment  design  — 
for  even  finer  performartce.  This  time 
it’s  the  new  cast  panel  and  motor  mount 
for  the  Unit  539  Portable  Recorder, 
shown  above. 

By  replacing  the  former  lightweight 
panel  with  a  sturdy,  ribbed  casting  with 
integrally  cast  legs,  Fairchild'  brings 
console  stability  to  professional  port¬ 
able  recorders.  The  full  weight  of  the 
recorder  mechanism  is  supported  in¬ 
dependently  of  the  trunk.  The  entire 
mechanism  can  be  removed  as  a  unit, 


in  a  trunk  for  portability,  is  designed 
to  meet  and  exceed  professional  speci¬ 
fications  for  direct  lateral  recording 
and  reproduction  of  sound  on  discs  up 
to  16"  at  33.3  rpm  and  78  rpm.  It  is 
complete  with  cable  and  connectors  for 
attachment  to  Fairchild  Unit  540  and 
295  Amplifier-Equalizers. 

Where  double  turntable  or  continu¬ 
ous  recording  and  direct  playback  are 
required,  a  second  identical  Unit  539 
Recorder  can  be  connected  to  a  Unit 
540  or  295  Amplifier-Equalizer. 


FOR  IMPROVED  PERFORMANCE 

Earlier  FAIRCHILD  portable  models 
and  many  other  types  of  recorder-play¬ 
backs  will  give  vastly  improved  per¬ 
formance  if  equipped  with  an  improved 
Fairchild  Pickup  and  Cutterhead  For 
complete  information  address:  88-06 
Van  Wyck  Boulevard,  Jamaica  1,  N.  Y. 


UNIT  541 

MAGNETIC  CUHERHEAD 


UNIT  542 

LATERAL  DYNAMIC  PICKUP 
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SYLVANIA  COMMERCIAL  ENGINEERING  DIVISION 
AIDS  IN  PRODUCING  EFFICIENT  SET  CIRCUITS 


■  \ 

-\  ■ m 

Views  of  Sylvania  Electric's  renowned  Commercial  Engineering 
Department.  Here,  new  discoveries  from  Sylvanms  laboratories 
are  built  into  the  latest  products. 


SYLVANIAT  ELECTRIC 

Emporium^'  Pa. 

MAKERS  OF  RADIO  TUBES;  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS.  FIXTURES.  WIRING  DEVICES:  ELECTRIC  LIGHT  BULBS' 
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SOME  PRODUCTS  OF  SYLVANIA 
ENGINEERING  RESEARCH 


Rodio  receiving  tubes,  such  as  the  famous 
Lock-In. 

Miniature  radio  receiving  tubes,  includ 
ing  the  tiny  T-3. 

1.4  volt  battery  tubes. 

150  mo.  line  of  6.3  volt  tubes. 

Radio  transmitting  tubes. 

Cathode  roy  tubes. 

Pirani  tubes. 

Silicon  Crystol  Diodes. 

1N34  and  1N35  Germanium  Crystals. 
Electroflash  Tubes  and  Units. 

Radio  tube  ports. 

Fluorescent  lamps. 


Helping  to  engineer  the  best  possible  radio  circuits  fur  many  set 
manufacturers  is  one  of  the  numerous  achievements  of  Sylvania’s 
famous  Commercial  Kngineering  Department. 

Time  and  again  circuits  found  to  be  unnecessarily  complicated 
were  simplified  and  made  even  more  efficient  through  the  vsork 
carried  on  here. 

For  nearly  twenty  years  Sylvania's  Commercial  Engineer¬ 
ing  Department  has  contributed  to  the  advancement  of  circuit 
design  as  well  as  to  the  development  of  a  great  variety  of 
electronic  and  lighting  products. 


SYLVANIA  NEWS 

Circuit  Engineering  Edition 


Prepared  by  SYLVAMA  ELECTRIC  PRODl  C  FS  INC.,  Emporium,  Pa. 


Meissner  Coils,  long  the  accepted  standard  for  engineers 
who  insist  on  high  quality  performance,  are  designed  to 
meet  your  most  exacting  requirements.  Precision -made, 
these  superior  components  are  backed  by  a  24  year 
reputation  for  quality  and  uniformity  in  manufacture. 


A  complete  line,  including  Air  Core  Plastic  1.  Fs,  iron  Core 
Plastic  I.  Fs  and  standard  I.  Fs.  Send  for  free  catalog. 


Si 


The  new  Hazeitine  Combination  AM-IF  and  FM-IF  Single  Unit  Coils.  The 
answer  to  space  and  production  problems  in  the  design  of  AM-FM  receivers. 


FOR  FULL 
IFORMATION 
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Recently  released  from  Army-Navy  24,000  Me.  band.  Other  field  or  lab- 
classification,  this  equipment,  former-  oratory  measurements  possible  with 
ly  known  as  the  TS-223/AP,  is  now  this  equipment  include  testing  of  type 
being  produced  by  Aircraft  Radio  2K50  r-f  oscillator  tubes  and  measure- 
Corporation  as  the  A.R.C.  Test  Set,  menl  of  radar  receiver  recovery  time. 
TypcH-10.  The  heart  of  the  A.R.C.  Test  Set, 

This  highly  specialized  test  equip-  the  24,000  Me.  wavemeter  and  attenu- 
ment  is  used  primarily  for  the  meas-  ator,  is  available  separately,  if  desired, 
tircment  of  radar  receiver  sensitivity.  For  full  information  on  A.R.C. 
frequency  and  band  width;  and  trans-  microwave  accessories  and  component 
miner  power  and  frequency,  in  the  parts,  write 


NOW  AVAILAftlE:  ft—, 
illustrated  catalog  off 
A.R.C.  Radio  and  Elec¬ 
tronic  Component  Ports 
cind  Accessories 


) 

■:imK 

Aircraft  Radio  Corporation 


BOONTON,  NEW  JERSEY 


if* 
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The  Chatham  "earthquaker 
test”  detects  the  slightest 
mechanical  weakness  in 
tube  structure.  The  tube  is 
rigidly  mounted  on  a  table 
which  moves  on  tracks.  A 
free-falling  weight  strikes 
the  table  with  a  force 
scaled  to  far  exceed  any 
abuse  encountered  in  ac¬ 
tual  service. 


r*ctifl«r  oimI  thyra 
front  porform  por 
foctly  undor  wido  ox 
fromos  of  ombiont 
tomporofwro  without 
blowort,  thormottott 
or  othor  ouxilloriot 


tomporoturo.  Thoy 
aro  recommondod  for 
induttriol,  oirbomo 
and  othor  inttolla- 
tiont  whero  roliobit- 
ity  it  a  prim#  con 
tidorolion. 
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Chatham  engineering  and  design  re¬ 


search  far  surpasses  ordinary  methods 


and  procedure  in  pre-detecting  and 


analyzing  electronic  rectifier  tube 


characteristics  under  severe  operating 


conditions.  Vibration,  shock  and  other 


mechanical  abuse — the  usual  *‘death 


knell”  for  tubes  in  heavy  industrial 
applications — ^are  dealt  with  in  the 
blueprint  stage  of  manufacture. 

For  example,  CHATHAM  is  one  of 


the  few  manufacturers  equipped  to 


subject  their  tubes  to  this  positive 


test  of  stamina.  For  this  reason,  we 


suggest  that  users  of  rectifiers,  thyra 


trons  and 

special  types 

check  their 

needs  with 

CHATHAM 

engineers — 

particularly 

where  severe  operating 

conditions  i 

are  involved. 

Simply  call 

or  write 

on  company 

letterhead. 

There  is 

no  obligation  for  this 

CHATHAM  service. 


47S  WASHINGTON  STRICT,  NEWARK  t,  NEW  JERSEY 
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Light  weight,  and  non-tiring  balance  are  built-in  features  of  the 
Eject-O-Matic.  This  modern  soldering  tool  weighs  only  20  ounces 
fully  loaded  with  a  4-ounce  reel  of  solder.  The  center  of  gravity 
is  located  near  the  trigger.  The  molded,  pistol-grip  handle  fits 
the  hand  snugly,  and  the  fatigue  factor  is  reduced  to  minimum. 
Eject-O-Matic  can  be  used  for  hours  without  tiring  the  operator! 
And  actual  industrial  tests  prove  that  it  speeds  up  production  — 
nearly  doubles  the  output  per  operator. 

Eject-O-Matic  is  available  in  50,  75  and  100  watt  models  — 
150  and  175  watt  models  in  production  soon. 

Model  19-S  (illustrated)  with  base  — retails  at  $18.95 


Individually  paclcod.  Shipping  wt.  par 
carton  of  12  units,  approx.  42  lbs. 
Sond  for  IHtratun 


WEIGH  THESE  ADVANTAGES 

Automatic  Feed 

Micrometer  Control  of  amount 
of  solder  ejected 

Automatic  Retracting  Feature 

Cooling  Fins  dissipote  excess  heat 

Drop-forged,  Non-corrosive  Tip 
Safety,  Utility  Base 


MULTI-PXODUCTS  TOOL  COMPANY,  123  SUSSEX  AVENUE,  NEWARK  4,  NEW  JERSEY 
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TRANSFORME 


In  the  market  for  a  small  variable  transformer 
of  about  Vi  K-VA  capacity?  To  be  more  specific  .  .  . 
INPUT  —  115  volts,  50/60  cycles,  1  phase.  OUTPUT 
—  0-135  volts  or  0-115  volts,  3.0  amperes. 


Excellent  regulation,  smooth  control,  high  efficiency'  are  only 
a  few  of  its  desirable  electrical  features. 


VERSATILITY  ANGLE  ...  Type  20  can  be  connected 
to  provide  increasing  voltage  with  either  clockwise  or  counter¬ 
clockwise  rotation.  Terminals  permit  clip-lead  or  solder 
connections. 


Take  a  look  at  POWERSTAT  type  20. 

Viewed  from  any  angle  it  qualifies  as  a  superior  vol¬ 
tage  controller. 

QUALITY  ANGLE  .  .  .  The  mechanical  construction  is 
extremely  rugged  yet  this  POWERSTAT  is  unusually  compact 
for  the  rating. 

Mounting  holes  are  located  on  a  1%  inch  radius. 


COST  ANGLE  .  .  .  Highest  valuation  yet  lowest  price  per 
rated  ampere  output  of  any  similar  type  variable  transformer. 

Other  angles  regarding  type  20  will  be  cheerfully  discussed 
by  SECO  sales -engineers.  .  .  Consult  us  NOW! 


Send  for  Bulletin  150  LE 


THE 


SUPERIOR  ELECTRIC 


COMPANY 


711  LAUREL  STREET 


BRISTOL,  CONNECTICUT,  U.  S.  A. 
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PLASTICS 
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look  Now 


RESEARCH 

...  a  continuous  tramjor- 
wi»  of  possibilities  into 
practical  ideas  its  plastics. 


DESIGNING 

. .  .  Artistic  visualization. 
Creative  engineering. 
Practical  planning  for 
efficient  plastics  production. 


PRODUCTION 

.  .  .  Complete  machine  shop 
facilities  for  manufactur¬ 
ing  dies,  molds  and  tools. 


What’s  the  mystery  . . .  here 
u’hat  comes?  Chances  are,  it’s  a 
problem  in  plastics.  We  get  them  every  day.  It 
may  involve  an  insulating  part  for  an  electrical  application, 
or  a  non-corrosive  part  for  chemistry.  It  might  turn  out 
to  be  a  quieter  streetcar  bearing,  collector  rings  on  a  power 
shovel,  or  thread  advancing  reels  for  textile  applications.  Whatever 
it  is  . . .  Richardson  versatility  will  soon  have  it  solved. 

For  here  you  deal  with  practical  people  in  an  old,  established 
firm  whose  sole  business  is  plastics;  where  diversified 
equipment  and  adequate  research,  design 
and  engineering  personnel  have  been  established 
to  provide  you  with  the  complete  plastics 
serv'ice  you  like . . .  but  seldom  find. 

N 

INSUROK  ^neccdcoK  ^Ict4t6c^ 

WaiARDSON  COMPANY 

Soica  Hoodquarton:  MELROSE  PARK.  lU.  FOUNDED  1R5R  LOCKLAND.  CINCINNATI  15,  OHIO 
^  YORK  4.  75  WEST  STREET  ROCHESTER  4,  N.  Y..  1031  SIBLEY  TOWfRS  BIDC. 

Tt^AOELPHIA  40.' PA..  377M  NO.  BROAD  STREET  *  Sol«a  ONicva  MILWAUKEE  3.  WIS..  743  NO.  FOURTH  STREET 

vi:  £lANO  15.  OHIO.  324-7  PLYMOUTH  BLDO.  •  DETROIT  2,  MICH.,  4-2S2  O.  M.  BLDO.  •  ST.  LOUIS  12,  MO..  5579  PERSHINO  AVENUE 
FocforiM:  MELROSE  PARK.  HI.  •  NEW  BRUNSWICK,  N.  J.  •  INDIANAPOLIS,  IND. 


LAMINATING 

. . .  Sheets,  rods,  tubes. 
Standard  NEAI/1  grades; 
over  700  special  grades. 


MOLDING 

.  . .  Rubber  and  bitumi¬ 
nous  plastics;  and  synthetic 
resin  plastics . . .  Beetle, 
Bakelite,  Durez,  etc. 


■i|^9  Professional  Recordists 
Recommend . . . 

SPafifiAi^  dteco^dina 


With  These  Three  Outstanding  Features 

•  INDIVIDUALLY  DISC-TiSTED  ON  A  RECORDING  MACHINE. 

•  EXPERTLY  DESIGNED  TO  INSURE  PROPER  THREAD  THROW. 

•  A  PRODUCT  OF  THE  MANUFACTURER  OF  AUDIODISCS  — 
AMERICA'S  LEADING  PROFESSIONAL  RECORDING  BLANKS. 

Professional  recording  engineers  know,  from  years  of  exper¬ 
ience,  that  Sapphire  Recording-  Audiopoints  offer  the  ultimate  in 
recording  styli.  Made  by  skilled  craftsmen  to  most  exacting  specifica¬ 
tions  and  individually  tested  in  our  laboratories,  these  Audiopoints 
are  of  consistent  fine  quality. 

A  good  recording  stylus  requires  a  perfectly  matched  playback 
point.  The  Sapphire  Audiopoint  for  playback  Alls  this  need  com¬ 
pletely.  In  materials,  workmanship  and  design,  it  is  the  finest  playback 
point  obtainable.  (Should  not  be  used  on  shellac  pressings.) 

These  Audiopoints  are  protectively  packaged  in  handy  cello¬ 
phane  covered  cards— cards  that  are  ideally  suited  for  returning  points 
to  be  resharpened. 

OTHER  POPULAR  AUDIOPOINTS,  that  complete  a  full  line  of  record¬ 
ing  and  playback  styli,  are:  Stellite  Recording  Audiopoint,  a  favorite 
with  many  professional  and  non-professional  recordists;  Diamond- 
Lapped  Steel  Audiopoint,  a  recording  stylus  particularly  adapted  for 
non-professional  recordists;  Playback  Steel  Audiopoints  (Straight 
Shank  and  Bent  Shank),  the  most  practical  playback  points  for 
general  use.  One  hundred  per  cent  shadowgraphed. 

•  For  further  information,  see  your  Audiodiscs 
and  Audiopoints  distributor,  or  write 


The  jewelled  point,  with 
87^  included  angle,  correct 
radius  and  line  polish,  cuts  a 
silent  shiny  groove  for  many 
hours.  When  dulled  or  chipped, 
these  points  may  be  resharp¬ 
ened  several  times.  Each  re¬ 
sharpened  Audiopoint  is 
disc-tested  to  insure  perfect 
performance.  For  this  seryice  re¬ 
turn  points  through  your  dealer. 


AUDIO  DEVICES,  IN 
444  Madison  Ave. 
New  York  22,  N.  Y 
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3  Countersinking  of  hole  not  necessary, 
Reterse  side  of  sheet  remains  flush! 


r 


PB4N  BIGV4EERMG  &  MANUFACTURING  CORP. 
SOUTH  MAN  STREET,  DOYLESTOWN,  PA. 

Plea$^  send  nie  complete  inforiiiatioii  about 
the  new  PEM  Self-Clinching  Fastener. 

NAME~ . . 


PENN  ENGINEERING  &  MANUFACTURING  CORP. 
SOUTH  MAIN  STREET,  DOYLESTOWN,  PA. 
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IT’S  THIS  EASY !  Punch  straight 
hole,  insert  fastener  in  sheet,  and  apply 
pressure  to  head  of  fastener. 


/I  Ring  clinches  fastener  and  preients 
turning. 


PEM  Self-Clinching  Fasteners  solve  assembly  problems 
involving  steel,  aluminum,  copper,  or  brass  sheet.  Be-, 
cause  no  special  tools  are  required,  PEM  Self-Clinching 
Fasteners  save  time,  labor,  and  weight;  mean 
E  ^  faster,  more  simplified  clincbino;.  Use  the 
coupon  to  get  complete  information. 


Enlargcfl  to  show  detail. 
Available  in  thread  sizes 
#2-56,  #4-40.  #6-32,  #8-32.. 
#10-32,  and  #10-24. 


THE  l-lOA 

The  ONE-TEN-A  is  a  complete  redesign  of  the  ONE-TEN, 
retaining  all  the  proven  design  features  of  the  older  model  < 
but  with  improved  performance  and  smoothness  of  control. 

For  many  years  the  ONE -TEN  has  been  the  "standard"  re¬ 
ceiver  for  work  in  the  range  from  one  to  ten  meters.  Although 
many  advances  in  high  frequency  technique  have  been  made 
since  this  little  receiver  was  first  introduced,  it  has  easily  held 
its  place  in  the  affections  of  experienced  amateurs  by  its  con¬ 
sistent  dependability  under  actual  operating  conditions  and 
its  high  usable  sensitivity. 

The  new  ONE-TEN-A  inherits  the  fine  qualities  of  its  pred¬ 
ecessor  brought  up  to  date  by  a  complete  restudy  of  circuit, 
mechanical  arrangement  and  constructional  details. 

The  ONE-TEN-A  is  a  fine  receiver. 
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NATIONAL  VULCANIZED  FIBRE  COMPANY 


Wilmington  99,  Delaware 


Offkms  in  Principal  Crt/es 
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Light-weight  ~  Resilient 

NATIONAL 


]^uik8  must  be  biiilt  to  "take"  the 
bazd  knocks  to  which  they're  s'ob- 
J^ed.  That's  why  so  many  of  them 
— including  U.  S.  Army  foot  lockers 
—  are  made  of  rugged  National 
Vulcanized  Trunk  Rbre. 


VULCANIZED  FIBRE 


protects  against  shock  and  strain 
...in  products  or  plant  equipment 


If  it's  a  rugged  material  you  want  to  protect  your  prod- 
ucts  or  plant  eqmpment  against  shock  and  strain 
— you're  sure  of  getting  it  in  tough,  durable 
National  Vulcanized  Fibre! 

One  of  the  strongest  materials  per  unit  weight 
known,  this  versatile,  heurd  vidcanized  fibre  can  "take 
it"  in  every  way.  Resihent  and  light  in  weight 
(about  half  that  of  aluminum),  it  has  outstanding 
impact,  tensile  cuid  dielectric  strength  ...  is 
extremely  resistant  to  wear  and  abrasion  . . . 
and  is  machined  and  formed  easily,  economiccdly. 

You  get  all  this  and  toughness,  too,  in  National 
Vulcanized  Fibre. 

To  be  sure  of  improved  performance  for  your 
products  or  plant  equipment,  let  a  trained 
National  engineer  show  you  how  this  rugged 
material  can  be  readily  adapted  to  your 
production.  Write  for  information. 


1 

I  ' 


*'Unbrako”  Self-Locking  Sec  Screws  DO  come  in  #0  size — with  all  the 
quality,  accuracy  and  strength  of  the  big  #1"  size. 

"Unbrako”  Socket  Set  Screws  with  the  knurled  Cup-Point  are  Self- 
Lockers — because  the  knurled  point  digs  in  and  holds  firm  . .  ,  regardless 
of  the  most  chattering  vibration.  The  tiny  size  of  these  screws — with 
their  almost  microscopic  knurling  has  made  them  invaluable  to  manufac¬ 
turers  in  Electronics,  Electrical  and  Radio  Industries. 


Made  with  the  accuracy  and  skill  for  which  ’'Unbrako”  products  are 
famous,  these  *’Unbrako”  Socket  Set  Screws  with  knurled  cup-point  are 
outstanding  for  accuracy,  hardness  and  strength. 

"Unbrako"  and  "Hallowell"  products  sold  entirely  through  distributors. 


You  can  t  K>cket 

screws  in  or  out  without 
a  socket  hex  wrench, — 
so  why  not  get  our  #25 
or  #50  "Hanowell”  Key- 
Kit  which  contains  most 
all  hex  bits. 


Knurling  of  Socket 
Screws  originated  with 
“Unbrako”  in  1934. 


OVER  43  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO 


JENKINTOWN,  PENN.,  BOX  596 


SAN  FRANCISCO 


DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS 


BRANCHES:  BOSTON  •  CHICAGO 
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IN  STOCK  .  .  .  FROM  Coast  to  Coast  / 


AMERICAN  PHILLIPS  SCREWS 
are  “FIRST  MATES”  Cost-wise 

...BOTH  TO  BOAT-BUILOeRS  AND  OWMBRS 


In  shipyards  (as  in  automobile  plants,  re> 
firigerator  factories  —  or  what's  yours?) 
American  Phillips  Screws  deliver  these  spe¬ 
cial  savings:  Swift,  sure-handed  handling. 
Automatically  straight  driving.  Proteaed, 
unspoiled  work-suHaces.  More  and  better 
work  done  far  more  easily.  All  of  which 
translate  into  TOTAL  TIME-SAVINGS 
AS  HIGH  AS  50%! 

And  American  Phillips  savings  reach 
straight  through  to  the  buyer  of  the  boat. 
For  these  screws  resist  corrosion,  with¬ 


stand  vibration,  remove  screw-driving  from 
his  maintenance  work,  help  to  keep  his 
craft  always  trim,  tight,  and  shipshape. 

You  can  steer  by  this:  American  Phillips 
Screws  are  profitable  not  only  production- 
wise.  They’re  potent  sales  promotion,  as  a 
mark  of  quality  construction  .  .  .  and  they’re 
sound  sales-protection,  too.  You  can  get 
these  same  production  and  sales  advantages 
in  American  Phillips  Screws  in  any  type  or 
metal  (see  below)  for  any  fastening  re¬ 
quirement.  Write. 


AMERICAN  SCREW  COMPANY,  PROVIDENCE  1,  RHODE  ISLAND 

Chicago  11:  589  E.  Illinois  Street  Detroit  2:  502  Stephenson  Building 


ALL  TYPES  ^ 

AU  METALS:  Steel, 
Brest,  Cemmercial 
Brense,  Steinless 
Steel,  AIwhiIhwiii, 
Menel,  Everdwr  (sHI- 
con  bronse) 
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M  O  D  E  R  N  ! 

THiS-nAN  ^ 


THB  ffi0  performance  of 

old  style  l.f.  Transformers  mmny  times  #fs  siie. 


--4“ 


THE  K-^AN  is  standard.  At  455  KC  or 
265  KC,  four  types  meet  praetieally  every  need, 
eiiminating  the  need  for  many  different  numbers. 


wi^'s  s;‘C5"",j^-vc-s'v' 


msm’-  ^ 


“VTOMATIC 

MAMi/FAcm/nm 

_ O  RPORATION 


^Ss  PKgtiicTmi  COILS  &  me* -TmiiMEi  chhersebs 


0  0  PA  S  S  A  !  C  A  V  E . 
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FROM  ONE  WORLD-RENOWNED  SOURCE, 


YOU  CAN  OBTAIN  ANALYSIS,  ENGINEERING 


|»r««*e<hire  results  in  prealer  efli- 
L3  communication  syHtein  to  ciency,  lower  cost, 
meet  your  particular  needs  is  a  After  thorough  analysis,  and  this 
joh  for  experts.  Unless  all  units  means  much  more  than  '^desk 
in  the  system  are  properly  inte*  work”,  PW  will  present  recon^ 
grated,  the  end  result  may  prove  mendations  for  your  '^packaged” 
unsatisfactory  and  costly.  (*ommunication  system— all  units 

In  spite  of  the  fact  no  two  commu-  of  which  are  designed  and  built  to 
nication  problems  are  identical,  work  together.  Such  a  system  will 
Press  Wireless— with  their  world-  be  complete  from  soil  analysis  to 
wide  operating  and  manufacture  antenna  tower,  even  to  equipment 
ing  experience— can  engineer  a  housing  where  necessary.  Thus, 
combination  of  standardized  units  you  will  be  able  to  obtain  all  the 
to  do  your  job.  Obviously,  such  a  factors  of  a  successful  commuui- 


UILDING  A  COMPLETE 


cation’  system  from  one  itottrve, 
under  one  contract.  Press ^  ireless 
Mfg.  Corp.,  Executive  Offices,  1475 
Broadway,  New  York  18,  N.Y.USA 


Touj^installation  it  •sginssrscTtf  pm  any  (om* 
binotion  of  th*  obova  stondordiitit  PJW  units 
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reports 

American  Overseas 
Airlines. . . 


Bi(la««rlnc  Rsport 


AiTcntt  NC  90421 
Dtt«  8/20/46 

TlM  Off:  UtSO  B8T 
Kctarn  t  4t80  BBT 


C«pt.  Robtfrt  Oltswortb 
Comb.  R«prB.  t.  t,  Mao  OomU 

B.  S.  C««n 


Tha  parposa  ot  this  report  Is  to  transait  tha  rasults  of  a  tost  flifht, 
■ado  bgr  aaBbars  of  tha  cn— ml  cations  ancinacrlnc  dapartaont  to  gather 
data  for  an  analysis  of  tha  range  and  qualltp  of  tha  VHF  installation 
at  LaOuardia. 


*Traaaaltter:  Badlo  Receptor  TV-50A  Output  Power  -  50  watts 
*Baceiwar  :  Radio  Receptor  RV-IA 

Antenna  t  Ground  Plane  •  located  atop  Karine  Terainaly  LaGuardla  field 
Frequency  t  128.8  Meg. 


Exhaustive  VHF  tests  made  from  an  American  Over¬ 
seas  Airlines  "Flagship”  show  conclusively  the  consistent 
results  produced  by  Radio  Receptor  VHF  installation  at 
LaGuardia  Field— over  considerable  distances  as  well  as  on 
short-range  low-level  work.  Here  are  the  highlights  of  test 
results: 

"No  FAILURE  OR  STATIC  .  .  .”  On  a  descent  from  13,000 
feet  to  CFR  through  heavy  cumulus  overcast— at  a  distance 
over  150  miles— accurate  ground  checks  were  possible  at  all 
times.  "No  failure  or  static  was  encountered.” 

".  .  .  Good  communication  was  maintained”  At  a 
5,000-foot  altitude  a  full  360**  check  on  a  ten-mile  radius 
produced  good  communication  with  no  low  spots  in  recep¬ 
tion.  West  of  the  station  a  descent  was  made  to  1,000  feet. 
At  this  altitude  New  York  City  buildings  obstructed  a  line- 
of-sight  signal  .  .  BUT  GOOD  COMMUNICATION  WAS 
MAINTAINED.” 

"Hiqhly  satisfactory”  Readable  communication  with 
LaGuardia  Field  was  maintained  over  a  route  covering  Long 
Island  and  lower  New  England  to  a  distance  of  225  miles.  At 
this  distance  the  Flagship  at  13,000  feet  received  transmis¬ 
sions  from  the  Radio  Receptor  installation  with  an  R5-S5 
signal.  From  these  results  American  Overseas  Airways  con¬ 
cludes— "The  INSTALLATION  IS  HIGHLY  SATISFACTORY  FOR 
ITS  PURPOSES.”  • 

Radio  Receptor  VHF  equipment  and  navigational  aids 
for  all  airport  and  airline  ground  installations  have  records 
dependability  throughout  the  world.  For  complete  results 
of  the  test  above  or  for  more  information  about  Radio 
Receptor  equipment,  write  today. 


Please  send  me  the  bulletins  checked: 

□  “Packoged  Radio  Station  RSV.I”  (VHF) 

Q  "Packaged  Radio  Station  RSl-1”  (low  frequency) 
G  LP  Transmitter  (Bulletin  No.  5009) 

G  HF  Receiver  (Bulletin  No.  5008) 

G  VHF  Receiver  (Bulletin  No.  5007A) 

G  VHF  Transmitter  (Bulletin  No.  5006) 

G  "Highways  of  the  Air"  (the  story  of  airway  radio) 


Communications  Division 


RADIO  RECEPTOR  C0.,iN€ 


iinco  1922  in  Radio  and  itoctronics 

N  251  West  19th  Street  ^ 
^  New  York  11,  N.Y. 


Position. 


Company. 


Address. 


Export  Reprosenlotivet:  RCA  IntemaNonol  Division,  New  York 
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For  many  years,  the  Schweitzer  Paper  Co. 
has  been  a  leader  in  .the  manufacture  of 
thin  gauge  insulating  papers  for  capacitors, 
coils,  transformers,  and  other  equipment 
where  top  quality  and  performance 
are  so  necessary.  Your  requirements, 
regardless  of  how  exacting,  will  not  shock 
us  for  our  specialty  has  been  the  production 
of  thin  gauge  insulating  papers  ranging 
in  thickness  from  .0002"  to  .004" 
to  meet  the  most  stringent  requirements. 


SCHWElIZER  PAPER  CO. 

182  Coriielison  Ave.,  Jersey  City.  N.  J. 
Plants:  Jersey  City,  Mt.  Holly  Springs,  Pa. 
Research  Laboratories:  Chrysler  Bldg. 

New  York,  N.  Y. 
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Dispelling  the  time-worn  theory  that 
large  molded  plastic  pieces  are  imprac¬ 
tical  and  uneconomical,  these  Admiral 
phonograph  and  radio-phonograph 
cabinets  effectively  demonstrate  that 
large  products  as  well  as  small  can  be 
molded  of  Durez  phenolic  plastics. 
The  bigger  cabinet  (right)  when  as¬ 
sembled  contains  a  five-tube  radio  and 
automatic  record  player.  The  molded 
Durez  body  weighs  pounds  and  the 
cover  3Vi  pounds.  Tbis  makes  a  total 
cabinet  weight  of  only  1 3  pounds. 

Radio  Frequency  Preheat 

Compression -molded  in  a  400- ton 
press,  the  special  Durez  compound 
used  in  this  larger  unit  is  preheated 
by  radio  frequency.  This  modern 
method  of  production  facilitates  the 


molding  operation  considerably  and 
results  in  the  strong,  attractive  cabi¬ 
net  shown. 

The  smaller  unit.  Admiral’s  automatic 
record  player,  is  also  molded  of  Durez 
but  in  a  300-ton  press. 

Why  Plastics? 

The  progressive  Admiral  Corporation 
experimented  and  found  that  for  top 
quality  cabinets  of  this  type — having 
light  weight  and  an  integral,  lustrous 
finish,  plastics  were  better  suited  than 
any  other  material. 

Why  Phenolic  Plastics? 

The  excellent  moldability,  impact 
strength,  eye-appealing  finish,  and  the 
non-resonance  of  phenolic  plastics 
proved  the  decisive  factors  in  the  choice 
of  these  most- versatile-of-all -plastics. 


Why  Durez  Phenolic  Plastics? 

As  specialists  in  the  production  oi 
phenolic  plastics  for  the  past  quarter 
century,  the  Durez  staff  have  developed 
more  than  300  multi-propertied  Dure2 
phenolic  molding  compounds  from 
which  to  select  the  plastic  that  pre¬ 
cisely  fits  the  job. 

Write  for  Free  Booklet 

"Machining  I^ata  on  Phenolic  Plastics" 
is  an  informative  manual  which  covers 
all  the  standard  machining  operations 
encountered  in  the  average  plant.  Write 
for  your  free  copy.  No  obligation,  of 
course.  Durez  Plastics  Chemicals 
Inc.,  811  Walck  Road,  North  Tona- 
wanda,  New  York.  Export  Agents: 
Omni  Products  Corporation  -fO  East 
34th  Street,  Kexc  York  16,  N.  Y. 


PHENOLIC 

RESINS 


twHisiMML  m$im  ^<^4 


PLASTICS  THAT  FIT  THE  JOB 
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ELECTRICAL  INSTRUMENTS 

—  November,  1946 


Any  Instrument  Worth  Installing  should  be 
easy  to  read  .  .  .  but  from  its  working  distance. 
There’s  no  need  to  specify  bulky  instruments 
with  long-range  readability  when  readings  are 
made  at  arm’s  length. 

In  MB  miniatures,  you  get  the  smallest,  lightest 
instruments  of  this  type  made!  You  save  not  only 
on  space  and  weight,  but  on  cost.  At  a  reasonable 
price,  you  assure  an  indicating  job  done  with 
practical  precision.  For  though  miniature  in  size, 
MB  instruments  have  large -meter  accuracy 


(within  +2%  at  every  point).  They  have  a  high 
torque-to-coil-weight  ratio  ...  a  good  measure 
of  sensitive,  speedy  response  and  long  life.  In 
fact,  because  they’ve  standard  size  sapphire  bear¬ 
ings  and  steel  pivots  supporting  just  a  “wisp” 
of  coil  weight,  MB  instruments  wear  indefinitely! 

We’ll  be  glad  to  cooperate  on  any  adaptations 
needed  for  your  applications,  and  have  an  MB 
engineer  work  out  the  details  with  you.  Write  for 
full  information,  and  our  new  catalog  that  de¬ 
scribes  the  complete  line  of  MB  instruments. 


imm 


WHAT'S  VJl  VIEW  POINT 

on  indicating  instrunients? 


FOR  CLOSE-UP  READING... 
LOOK  AT  THIS  jM  B  PRECISION  MINIATURE 


FERRANTI  DIVISIONS  OFFER 

LOW  COST  PRODUCTS 


FERRANTI  HIGH  QUALITY 

TRANSFOkMERS 

AUDIO  AND  POWER  TRANSFORMERS 
CHOKES  •  FILTERS  •  COILS  •  ETC.  ETC. 

l 

STOCK  UNITS 

HERMETICALLY  SEALED  -  CUSTOM  BUILT 
LARGE  OR  SMALL  QUANTITIES 


FERRANTI  HIGH  QUALITY 

WIRING  &  ASSEMBLIES 

'^ELECTRONIC  AND  MECHANICAL  *  ASSEMBLIES 
-  'C:  SUB-ASSEMBLIES  *  COMPONENT  PARTS 

.  FERRANTI  NOW  OFFERS 
THE  BENEFITS  OF  WAR-GAINED  EXPERIENCE 
ON  ALL  TYPES  OF 
ASSEAABLY -JOBS -LARGE  OR  SMALL 


FERRANTI  HIGH  QUALITY 

SHEET  METAL  &  BAKELITE 

FABRICATION 

k 

FROM  SHEETS,  RODS  AND  TUBES-PANELS 
CASES,  TERMINAL  BOARDS,  RACKS,  CHASSIS,  ETC. 
CUT  —  PUNCHED  -  DRILLED  -  ENGRAVED 
FINISHED  TO  SUIT  YOUR  NEEDS 


QUALITY- AT  LOW  COST  ..  PROMPT  DELIVERY 

FERRANTI  ELECTRIC/INC.  •  RCA  BUILDING 

NEW  YORK  20,  NEW  YORK 

SEND- US  YOUR  SPECIFICATIONS  FOR  IMMEDIATE  ATTENTION 
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►  Directly  gear-driven  at  both  78.26  and  33.33  rpm  by  a 
synchronous  motor,  the  playing  time  of  recordings  made  on 
the  Presto  14 -A  corresponds  to  the  original  program  time 
with  split-second  accuracy.  The  only  deviation  in  speed  may 
be  due  to  variations  in  power  supply  frequency  which  seldom 
exceed  0.1%.  Rotational  flutter  and  background  noise  from 
mechanical  sources  are  at  an  absolute  minimum. 

►  The  Presto  14 -A  represents  a  major  advancement  in  the 
design  of  recording  turntables,  having  all  of  the  performance 
characteristics  demanded  by  experienced  engineers.  Illus¬ 
trated  below  is  the  new  14- A  gear  drive. 


For  full  specifications  of 
the  Presto  14-A  please 
write  Presto  Recording 
Corporation,  242  West 
55th  Street,  New  York 
19,  N.Y.  To  insure  future 
delivery  within  a  reason¬ 
able  time,  we  suggest 
you  place  your  order  on 
our  priority  list  since  or¬ 
ders  are  considerably  in 
advance  of  production. 


RECORDING  CORPORATION 

Z42  WEST  55TH  STREH,  NEW  YORK  19.  N.Y. 
Waltsr  P.  Downs.  Ltd.,  in  Canada 


WORLD^S  LARGEST  MANUFACTURER  OF  INSTANTANEOUS  SOUND  RECORDING  EQUIPMENT  &  DISCS 
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.  GENERAL  OFFICES:  285  MADISON  AVENUE,  NEW  YORK  r7,  N.  Y. 

,;  PLANTS  AT  CHICAGO,  ILL!,-  NORTH  BERGEN  AND  BAYONNE,  N.  J. 

HAI-tfi,  MICA  AND  ELECTROLYTIC  CAPACITORS  FOR  IHt  ELECIRICAl  AND  E I  E  C  T  R  O  N  I  C  -  I  N  D  U  S  T  K  I  L  S‘ 
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Important  savings  in  space  and  weight  are  realized 
when  you  design  General  Electric  Selenium  Recti¬ 
fiers  into  electronic  equipment.  They’ll  give  you  more 
direct  current  per  cubic  inch,  more  per  pound,  than 
alternate  types.  General  Electric  offers  a  wide  selection 
of  capacities  and  sizes,  from  the  mighty  midget  pic¬ 
tured  above  which  delivers  4  volts  at  0.1  milliampere 
to  single  stacks  rated  at  110  volts,  4  amperes. 

Whatever  your  requirements.  General  Electric 
Selenium  Rectifiers  pack  a  lot  of  punch  where  space 
is  at  a  premium.  They  withstand  extreme  variations  in 
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ambient  temperature,  humidity,  and  atmospheric  pres¬ 
sure.  You  can  depend  upon  them  for  long,  faithful  ser¬ 
vice  in  series,  parallel,  or  series-parallel  arrangement 


For  a  booklet  of  facts  and 
figures,  write  direct  to  Sec¬ 
tion  A-18*12119,  Appliance 
and  Merchandise  Department, 
General  Electric  Company, 
Bridgeport  2,  Connecticut. 
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DIRL  LIGHT  CO. 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


^rtc. 

900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


ot  ... 

Up  rClVP'®’  ♦*  VP'^  SP®^  A 
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MAKE  BETTER 
CONNECTIONS  WITH 


Rubyfluid  Flux 

KubyHuid  Flux  ^ives  sulder  a 
stronger,  more  solid  bite — and 
that  makes  better  electrical  con¬ 
nections.  Rubyfluid  wets  out 
freely — is  quick  acting  and  easy 
to  use — it’s  economical — it  has 
no  harmful  or  objectionable 
fumes. 


See  your  jobber — and  try  Ruby- 
fluid  Flux  today.  Paste  and  Liquid 
for  general  use  and  liquid  for 
Stainless  Steel. 


RUBY  CHEMICAL  CO. 
59  McDOWELL  ST. 
COLUMBUS  8,  OHIO 


■^agtinauJs' 

NEEDLES 

- - — ^  FAMOUS  SINCE  1892  - - - 

For  lti‘o«»rfl  P(*rf4»rmanf*o 


Mayb«  fhe  very  first  "cutting" 
was  done  with  the  grand-daddy  of 
this  famous  .'ecording  needle  .  .  . 
for  BAGSHAW  came  in  with  the 
talking  machine  itselfl  Preferred 
in  sound  studios  where  only  the 
BEST  will  do  .  .  .  perfect  cutting 
mate  for  our  great  transcription 
Needle  that  you  know  so  well! 


II.  \V.  AITOX  ro..  i\r 

SOI  I  IMS  I  Hlill  ION 

J70  SV.WyjH  AVFM  F  AEW  YORK  I,  S.  Y. 
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TO  DEFEAT 


CORROSION 


Remember  there  is  only  one  Diamond  G  Con¬ 
trolled  Tension  Lock  Washer.  This  exclusive 
tension  quality  is  built  into  every  Diamond  G 
Lock  Washer  by  precision  fabrication  and  heat 
treating.  It  permits  full  tightening  of  bolt  and 
screws,  safeguarding  against  excessive  vibration, 
shock  and  wear. 

Next  time  specify  Diamond  G’s!  For  samples 
and  full  details  on  the  new  ASA  and  SAE  specifi¬ 
cations  on  spring  lock  washers  just  write  to..'. 


Rust . . .  corrosion  . . .  deterioration  of  metal  parts 
often  means  loose  assemblies  and  breakdowns 
unless  the  bolt  or  screw  is  equipped  with  a  spring 
lock  washer. 

A  spring  lock  washer,  like  a  Diamond  G  Lock 
Washer,  will  keep  a  constant  tension  between  the 
bolt,  the  metal  parts  and  the  nut.  Any  loosening 
that  may  take  place  because  of  rust  or  corrosion 
is  immediately  taken  up  by  Diamond  G  Con¬ 
trolled  Tension. 


GEORGE  Ko  GARRETT  COo,  INC 

1421  CHESTNUT  STREET,  PHILADELPHIA  2,  PA. 
MANUFACTURERS  OF 
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NEW  PRODUCTS 


(confinuta 


THE 


A^^fic I  Corporation 


CONNEAUT.  OHIO 

inCa’^aDA  Ca^aC’Ah  AiTAliC  ItO  rownTO  CuTaHiO 


Astatic  Crystal  Devices  Manufactured 
Under  Brush  Development  Co.  patents. 


ideal  for  color  photography.  A  cir¬ 
cuit  employing  a  120-microfarad 
capacitor  charged  to  2,600  volts  is 
used  to  flash  the  tube  for  about  200 
microseconds.  It  can  be  flashed 
four  times  a  minute. 


Decimal  Scaler 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,  N.  Y. 
Four  4-tube  decades  are  used  in 
the  Model  85  instrument  that  will 
respond  to  rates  as  high  as  100  kilo- 


folder  IS  available 


This  cazlridqs  «inplo7S  a  Nylon  Chuck  and  mcdchsd.  sapphirs-tipped,  kn««- 
acdon,  REPLACEABLE  Nylon  Noodle. 

Improvos  tracking  and  signal  transmission. 
Reduces  needle  talk,  needle  scratch  and 
resonance  peaks.  Increases  record  and 
needle  life. 


cycles  a  second  and  scale  them  by 
factors  as  high  as  10,000  to  1. 
Mainly  designed  for  application  in 
the  fields  of  physics,  medicine  and 
chemistry,  the  equipment  will  un¬ 
doubtedly  find  use  in  other  fields 
where  rapid  counting  is  essential. 


F-M  Signal  Generator 

Boonton  Radio  Corp.,  Boonton, 
N.  J.  The  type  202-B  f-m  signal 
generator  covers  the  frequency 
range  from  54  to  216  megacycles 
and  provides  two  frequency  devia- 
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Ten  Parts  Per  Mill 

....  and  a  few  in  stock! 


Where  the  ultra  refinement  of  temperature  control 
is  not  required,  the  G-R  Type  815  Precision  Forks 
have  more  than  sufficient  accuracy  for  use  both  in  the 
laboratory  and  in  the  field.  They  are  supplied  in  fre¬ 
quencies  of  50,  60  and  100  cycles  with  a  calibration 
accuracy  of  ten  parts  per  million.  They  make  excellent 
low-frequency  standards. 

Stock  for  the  forks  is  low-temperature-coefficient 
stainless  steel,*  received  by  us  in  bars.  A  sample  fork  is 
made  from  each  bar  and  the  coefficient  of  the  stock  is 
obtained  after  a  protracted  temperature  run. 

The  forks  are  then  machinea  in  our  shops.  When 
measured  to  one  millicycle,  the  unmounted  fork  is 
about  2  cycles  below  its  nominal  frequency.  After  this 
initial  measurement,  the  excess  material  is  milled  from 
the  end  of  the  tines  and  a  second  frequency  check  is 
made.  Occasionally  the  forks  must  be  milled  a  second 
time. 

Two  adjustable  loading  screws  are  placed  in  holes 
drilled  and  tapped  in  the  end  of  each  tine.  The  fork  is 


then  assembled  and  the  temperature  coefficient  of  the 
outer  tine  screw  is  obtained.  If  necessary,  excess  mate¬ 
rial  is  removed  from  the  outer  tine  screw.  The  screws 
are  adjusted  so  that  the  frequency  is  within  ±0.001% 
of  its  nominal  value.  The  voltage  coefficient  of  frequency 
is  obtained;  it  averages  about  0.005%.  Output  voltage 
and  harmonic  content  are  then  measured. 

When  orders  are  received  the  forks  are  returned  to  the 
standardizing  laboratory,  given  a  half-hour  run  and  the 
frequency  is  measured  at  a  driving  voltage  of  exactly 
four  volts.  With  each  fork  a  calibration  certificate  is 
supplied  to  show:  the  frequency  to  within  ±0.001% 
at  a  stated  temperature  between  70  and  80  deg.  F. ;  the 
temperature  and  voltage  coefficients  of  frequency. 

TYPE  815-A  50-CYCLE  FORK . $175.00 

TYPE  815-B  60-CYCLE  FORK .  185.00 

TYPE  815-C  100-CYCLE  FORK  .  . .  185.00 

TYPE  815-Pl  Transformer  (for  use  betw^n 
the  fork  and  relatively  high-im- 
pedance  loads) .  6.95 


AT  THE  MOMENT  WE  HAVE  A  SMALL  STOCK  OF  THESE  FORKS 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  G 


920  S.  Michigan  Ave.,  Chicago  5 


9S0  N.  Highland  Ave.,  Los  Angeles  38 
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MASSIVE  winding  core 

^  ^  25*  Mon  Capacity 


»■  X  ' 


Another  exclusive  Hardwick-Hindle 
advantage  is  this  great  ceramic  core 
of  unusually  large  cross  section  for 
the  wattage  rating— more  wire,  more 
surface  and,  leas  temperatiure  rise. 

And  between  this  ceramic  winding 
core  and  the  rugged  die  cast  base 
there  is  ample  space  for  full  ventila* 
tion  to  insure  low  operating  temper¬ 
ature  for  the  mounting  paneL 

This  is  only  one  of  several  exclu¬ 
sive  features.  Let  us  tell  you  of  other 
Hardwick-Hindle  advantages  in  this 
and  in  other  rheostats,  as  well  as  in 
our  resistors. 

Our  engineering  service  is  always 
available  for  specific  problems.  Write 
us  today. 


®  HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Svbtidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5.  N.  J.  itM  5. 


’a 

LI 

S.  A. 


WASHERS 

STANDARD  AND  SPECIAL 

Every  Type 

Every  Material 
Every  Purpose 
Every  Finish 

Over  22,000  Sets  of  Dies 

STAMPINGS 

OF  EVERY  DESCRIPTION 

Blanking 

Forming 

Drawing 

Exfruding 

Let  us  quote  on 

your  requirements. 


WROUGHT  WASHER  MFG.  CO 

TH£  WORLD'S  LARGEST  PRODUCER  OF  WASHERS 


lilt  SOUTH  BAT  STREET  •  MILWAUKEE  7,  WISCONSIN 


From  out  of 
the  west . . . 
itmerica’s 
finest 

transformers 


Thermador  is  a  name 
rentembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


"Savam  Laagaot  Ahtwd" 

THERMADOR 

THERMADOR  ELECTRICAL  MFC.  CO 

5119  OiStnct  RM  .  les  AnftlRS  71.  Catifarma 
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YOU  WANT  IN  AN  ANODE! 


“National”  graphite  has  no  melting 
point!  It  cannot  melt  or  soften.  This, 
plus  the  fact  that  graphite  has  a  low 
coefficient  of  expansion  and  a  high  heat 
transfer  rate,  is  the  reason  graphite 
will  not  warp  or  distort,  regardless  of 
operating  temperature. 


UNMATCHED  THERMAL  CONDUCTIVITY! 


Because  “National”  graphite  has  a 
higher  thermal  conductivity  than  other 
anode  materials,  it  provides  greater 
protection  from  excess  surface  tempera¬ 
ture  —  a  cause  of  secondary  or  back 
electron  emission.  It  also  lessens  the 
danger  from  local  hot  spots  so  often 
found  in  other  anodes — the  result  of 
thin  spots  or  concentrations  of  the  elec¬ 
tron  stream. 


GREATER  THERMAL,  EMISSIVITY! 


In  “National”  graphite  has  excep¬ 

tional  purity...  great  strength ...  fine  grain  struc¬ 
ture  . . .  high  resistance  to  erosion ...  is  a  good 


low  electron  emission  . . .  and  can  be  machined  into 
intricate  shapes  to  very  close  tolerances. 

Yes  . . .  anodes  of  graphite  have  everything  you 


conductor,  especially  at  high  frequencies ...  is  free  need  to  turn  out  finer  tubes.  For  more  facts,  write 

from  dust  and  loosely  held  particles . . .  provides  National  Carbon  Company,  Inc.,  Dept.  E. 


NATIONAL  CARBON  COMPANY,  INC. 


“National”  graphite  is  almost  an  ideal 
black  body,  making  it  a  nearly  per¬ 
fect  heat  radiator.  Thus,  anodes  of 
“National”  graphite  operate  at  lower 
temperatures  for  a  given  amount  of 
energy  dissipated.  All  tube  parts  there¬ 
fore  operate  at  lower  temperatures,  re- 
j  suiting  in  less  distortion  of  other  parts 
I  and  more  uniform  tube  characteristics. 


Unit  of  Union  Carbide  and  Carbon  Corporation  .  - .  ,  .  30  E.  42nd  St.,  New  York  17,  N.  Y. 

The  word  "National"  is  a  registered  trade>niark  |  ■  |  N  N  Division  Safes  Offices:  Atlanta,  Chicago,  Dallas, 
of  National  Carbon  Company,  Inc.  Kansas  City, New  York,  Pittsburgh,  San  Francisco 
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GENERAL  %  ELECTRIC 


BAKELITE  SHEETS 
RODS  AND  TUBES 


AMERICAN  TELEVISION  &  RADIO  CO 


r  Durable,  caiorized-copper  tip— non* 
freezing,  easy  to  roploco. 

Excolleat  hoot  coRclHctivity  from  hootor 
to  tip  by  machined,  colorized  tip  teat. 

Fomees,  leeg-losting  Celred*  beater  for 
U  rapid,  continuous  flow  of  heat. 

F~  Lew  beat  less  with  dead-air-space  insula¬ 
tion  between  conductor  and  shell. 

•  For  complete  information  on  this 
new,  outstanding  line  of  soldering 
irons,  ask  your  G-E  Apparatus  Dis¬ 
tributor  for  free  Bulletin  GEA-4519. 
Or,  write  General  Electric  Company; 
Schenectady  5,  N.  Y. 


BATTERY  ELIMINATORS 

FOR  CONVERTING  A.C.  TO  D.C 
New  Models  . .  .^signed  for  tesHwg 
D.C.  electrical  apparatus  on  regular 
A.C.  lines.  Ecpiipped  with  full-wovo 
dry  disc  type  remfier,  assuring  nehe 
less,  interference-free  operatic  and 
extreme  long  life  and  reliability. 

•  Eliminates  Storage  lotteries  and 
lottery  Chargers. 

•  Operates  the  Equipment  of  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Fully  Automatic  and  FeeUFroat. 


LOW  POWER  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C 
Another  New  ATR  Model . . .  designed 
for  operating  small  A.C.  motors,  elec¬ 
tric  razors,  cuid  a  host  of  other  small 
A.C.  devices  from  D.C.  voltages 
sources. 


On  special  mill  ship¬ 
ments  we  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi¬ 
ence. 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Specially  designed  for  operating  A.C 
radios,  television  sets,  amplifiers,  ad¬ 
dress  systems,  and  radio  test  e^p- 
ment  from  D.C.  voltages  in  vehicles, 
ships,  trains,  planes,  and  in  D.C. 
districts. 

WRITE  FOR  NEW  CATALOG — 
JUST  OFF  THE  PRESSI 


ELECTRICAL 
INSULATION  CO.,  INC. 

12  Vestry  St..  New  York  13,  N.  Y. 
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flexible  plastic  tubing 


Here  is  another  application  where  this  improved  Irvington  formu¬ 
lation  . , .  Fibron  #5373  , . .  solves  an  electrical  insulation  prob¬ 
lem  involving  high  temperatures.  Hot  cement,  used  to  seal  the 
#5373-covered  heating  elements,  has  no  effect  on  the  flexibility 
of  this  unusual  plastic.  When  the  heater  is  in  use,  the  tubing 
withstands  continuous  operating  temperatures  as  high  as  85°  C. 
#5373  possesses  the  electrical,  mechanical,  and  chemical  prop¬ 
erties  which  distinguish  all  Fibron  tubings.  Some  of  these  are: 

Dielectric  Strength  (.020"  wall)  wet. .1000  V.P.M. 

dry.lOOO  V.P.M. 

Tensile  Strength,  P.  S.  1 . 3000 

Life  at  105°  C . 2000  hours 

Fibron  #5373  tubing  is  available  in  all  standard 
B  &  S  wire  gauge  sizes,  in  six  brilliant  colors,  in 
heavy  wall  thicknesses  if  required— in  36"  lengths, 
coils,  or  cut  pieces. 

Test  this  unusual  product  now.  Generous  samples  and  additional 
technical  information  gladly  sent  on  request. 


*  Approved  by  Underwriters’  Laboratories 
for  this  application 

Short  lengths  of  Fibron  #5373  are  used  to 
protect  the  conductor  leads  on  the  heating 
element  of  the  Elect ra-Serve,  manufactured 
by  Electrical  Industries,  Inc.,  Newark,  N.  J. 
This  bottom  view  of  the  unit  shows  where  the 
hot  cement  seals  over  the  #5373  insulation. 
Withstanding  this  heat  and  high  operating 
temperatures,  #5373  tubing  retains  its  flexi¬ 
bility  and  high  dielectric  strength. 


■  w  ■  a  fit/  ^tmi/ian^ 

Authorized  disfribufors  in t  MLTIMOIE  •  BLIEFIELD.  W.  VA.  •  BOSTON  •  CIABIOTTE  •  CIICABO  •  CiEVEUNB  •  BALIAS  •  BENVEI  •  lOSANOELES  •  MINNEAPBUS 
NEW  lAITFOIB.  N.T.  •  NEW  YOIK  •  NEW  OILEANS  •  NILABEIMIA  •  PITTSBII6N  -  ST.  LBIIS  •  SAN  FIANCISCO  -  SUTTU  •  lAMILTON.  ONT..  CANAU 


IRVINGTON  11.  NEW  JERSEY.  U.S.A. 
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complete 

plastic 

display 

fabrication 

‘'mmoFR 

o^Roor 


Tracing 


defies 


Printloid  fabrication  of  radio  dials 
and  windows  includes  all  types  of 
plastic  materials.  Here  are  two  ex¬ 
amples  ...  a  silk-screened  dial  of 
Vinylite  and  an  edge-lit  dial  window 
of  Lucite. 

Consult  with  our  design  staff  now. 


time 


TTI-iTlC  fAtfICATION 


DEFT.  E 

n  mcft  smn.  w  vmk  12.  h.  f. 


anas  ««"■  *"*'*"* 


Materials  for  potting,  clipping  or  impreg¬ 
nating  ail  types  of  radio  components  or  Oil 
:  kinds  of  electriccd  units.  •  Tropicoliied 
^  fui^ujj^  proofing  waxes.  •  Waterproofing 
finisites  for  wire  fackets.  •  Rubber  finishes. 

HI 

•  inc|uiries  and  problems  Invited  by  our  en¬ 
gineering  and  development  laboratories. 

J[o|>har  Mills.  Inc.  ims  bnan  known  for  its  clo|>onckiblo  sorvlco  and 
Hormity  of  isrodwct  since  1$ai6. 


•  The  ronown  of  Imparlal  as  tha  flnast  in 
Tracing  Cloth  goes  bacfc  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
oven  the  finest  lines.  Drawings  made  on 
imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  doth. 
It  is  good  for  ink  as  weil. 
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Than  Any  Other  Nuts,  Regardless  of  Price 


FREEZE”  TO  THREADS 

threods,  SPEED 


ieyint  vibration  loosening 

SPEED  NUTS  pr«v«nt  vibration 
'  ;/  lootoning  bocouso  thoy  pro- 
:  / A  vido  a  dovfdo  spring-tonsion 
lock  thot  obsofbs  vibration  in- 
led  of  moroly  rmthting  it.  Inturot  a 
ihtottochmont  for  tho  lifo  of  tho  product. 


i|  Having  no 

NUTS  will  not  “freeze”  to  rust- 
ing  bolts.  They  can  be  easily 
>  '  removed  at  any  time  for 
servicing  or  replacing.  You’ll  save  the 
repair  men  a  lot  of  cussing. 


]  XI  [l  SPEED  NUTS 

themselves  in  screw- 
receiving  position  for  “blind” 
location  assembly,  eliminating  expensive 
welding,  riveting  or  clinching  operations. 


**  '***’''  bond,  many 

special  types  of  SPEED  NUTS 
perform  multiple  functions,  re- 
xXX  more  parts. 

SPEED  NUT  prongs  can  be 
incorporated  in  almost  any  shape  or 
form  to  do  the  job  easier  and  faster. 


IING  TENSION  RESILIENCY 


In  the  assembly  of  porcelain 
/  enamel,  plastic  or  glass  parts, 

'fi:  SPEED  NUTS  provide  the  ten- 

sion  necessary  for  a  tight 
p  assembly,  yet  are  sufficiently 

resilient  to  prevent  domage 
due  to  expansion  and  con- 
ictien,  vibration  or  shock. 


Because  they  are  made  of 
sheet  metal  instead  of  bar 
stock,  SPEED  NUTS  are  in  the 
“featherweight”  class  com- 
pared  with  threaded  nuts.  By 
eliminating  lock  and  spanner 
washers  and  other  unneces¬ 
sary  parts,  weight  is  reduced  still  further. 


LOCK  ON  UNTHREADED  STUDS 


“Push-On”  SPEED  NUTS  need  only  be 
...  pushed  over  rivets,  nails,  tub- 
ijflk  ing,  or  unthreaded  studs  to 
lock  parts  so  securely,  you 
*  a  q  ^  can’t  wrestle  them  off.  Costly 
threaded  inserts,  drilling  and 
tapping  are  eliminated— molding  costs 
reduced— assembly  speeded  up. 


FPLIED  FASTER 


SPEED  NUTS  put  wings  on  your 
assembly  lines  because  they 
start  easier,  pull  down  faster 
aiMl  no  wrench  is  required  to 
keep  them  from  turning.  Mode 
lie  for  use  with  coarse-throod  sheet 
latal  screws,  requiring  fewer  turns  to 
ghtsn,  for  still  faster  application. 


SPEED  NUTS  give  you  free  in- 
surance  against  shipping  dam- 
age.  They  provide  a  resilient 
lock  that  defies  loosening  and 
prevents  cracking  of  enamel  and 
gloss.  With  SPEED  NUTS,  your  products  will 
reach  your  customers  in  perfect  condition. 


WILL  NOT  CLOG 

Having  no  threads,  SPEED 
%  NUTS  cannot  clog  with  paint. 
^  No  assembly  delay  for  re- 

tapping  threads.  This  is  par- 
^  4.,^  ticularly  important  where 

SPEED  NUTS  are  permanently 
attached  to  parts  for  blind  assembly. 


You  can  boot  lock  washers 
^  out  the  window,  for  SPEED 

NUTS  are  self-  _ 

^  J  locking.  They 

cut  both  mot-  / 
erial  and  han-  / 
liing  costs.  Because  of  their 
Yids  beoring  surface,  SPEED  .T  ^ 
HITS  else  can  eliminate  the  V 
•IS  of  spanner  washers.  I 


We're  not  fooling  about  these 
advantages.  They  are  very  real 
and  worth-while  as  any  SPEED 
\  NUT  user  will  tell  you.  Rush 
your  assembly  problems  to  us 
now,  giving  complete  details. 
^  We’ll  show  you  which  of  the 
y  4000  shapes  and  sizes  will  do 
fthe  trick  for  you. 


COMPENSATING  THREAD  LOCK 


ARCHED,  PRONGS 


CANADA! 

Swum.  C*.,  UO. 
Onfarl* 

■NOIANO: 

SlmmMies  A«r*cM»«riM,  IM. 


IN  FRANCS: 

A*recM«eir*s  Simmendt,  S.  A.. 
Pori* 

IN  AUSTRALIA: 

Simmend>  AsrecMieriM,  Pty.  Lid. 
Melbourne 


/  SfllF.fNfRGIZINC  \ 
•  SPRING  LOCK  ^ 

DOUBLE-LOCKED 

POSITION 


PRE-LOCKED 

POSITION 


2106  Fulton  Road,  Cleveland  13,  Ohio 


-f- 


D«pt 


C»Tt;^ 
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GRAMIH  COITPAN? 


''One  Good  Him  -  or  «  Million** 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  power  requirement 

•  Complete  discharge  of  air 
— no  re-expansion 

•  Continuous  dehydration 
of  oil — no  moisture  to  re¬ 
evaporate 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non- 
corrosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  negligible 
maintenance 

•  Five  sizes — from  10  to  235 
cu.  ft.  p>er  min. 


Stokes  VACUUM  GAUGES 

Are  Always  Accurate  ^ 


it  H*r*,  in  cxpandad  plant  facilitiM,  GRACOIL  Coils  and  Tiansformers  or*  •xportly  dosiqnod 
and  built  to  exact  speciiicotions.  Plan  your  next  product  with  GRACOILS. 

THE  GBAMEB  COMPANY 

EstoblMied  i«  1f35 

Electrical  Coils  and  Transformers 

2736  N.  PULASKI  RD..  CHICAGO  39,  ILL.  U.  S.  A. 


•  Require  no  calibration 

•  Rapid  readings 

•  Simple  to  operate — just  tip  and 
read 

•  Two  models  (AA)  0  to  5000  mi¬ 
crons — (BB)  0  to  700  microns, 
with  readings  to  1/10  micron. 

F.  J.  STOKES  MACHINE  CO. 

4046  Teber  Reed  Phllodeipbie  20.  Pe. 


Vacuum 

PUMPS  •  CAUCES  •  EQUIPMEWT 


December.  f946  —  aECTRONICS 


STOKES 


6Tbn£8 


osywhere,  you'll 
save  time  by  phoning 
or  wiring  Newark 
Eioctric.  Tromondout, 
up-te-thoHninuto  stocks 
are  mointoined  In  oil 
throe  stores. 


COMPETENT  TECHNICAL  MEN 
handle  your  inquiries  intelligently 
end  promptly  end  can  quote  prices 
and  delivery  dates  on  specific  mer¬ 
chandise.  Orders  shipped  same  day. 
When  writing  address  Dept.  R.3 


IF  YOUR  NEEDS  in  radio  or 
electronics  parts,  sets  or 
equipment  are  available 


-A  Litsrature  and  full  information 
on  ANY  manufacturer's  products 
will  be  sent  promptly  on  re¬ 
quest.  Wire  or  phone  for  quick 
action. 


NEW  YORK 


A  Our  big  bargain  counters  are 
loaded  with  new  parts  and  un¬ 
usual  special  equipment.  In¬ 
quiring  minds  enjoy  these 
displays. 


tan  a.  nan 


N.Y.C.  S^ms:  IIS  W.  4Sth  8t.  A  212  Ful¬ 
ton  St.  Offices  A  Warehouse:  242  W.  SSth 
St.  N«Y.  19 


VLVAH'A 
In  U.  5.  ^ 


— made  specifically 
for  electronic 
relay  applications . 


I 


'■  ■  ■■  ■-  I:: 


^difXr‘  ■ 

”■  '-r '  r  V 


Ht^rlrunir*  IHvinittn  .  .  .  .ItHt  Fifth  \«’ir  l»*rJk  tH,  V.  • 

MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES.  CATHODE  RAY  TUBES.  FlUORE SCE NF  T  AMPS.  HXTURES.  WIRING  DEVICES'  ELECTRIC  LIGHT  BULBS 

.  .  'V  . 
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in 
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STOKES 


One  Good  Turn  •ora  Million 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  power  requirement 

•  Complete  discharge  of  air 
— no  re-expansion 

•  Continuous  dehydration 
of  oil — ^no  moisture  to  re¬ 
evaporate 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non- 
corrosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  negligible 
maintenance 

•  Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


ir  H*r«,  in  cxpandad  plant  facilitins,  GRACOIL  Coils  and  Tronsformon  or*  oxportly  dosignod 
and  built  to  exact  specifications.  Plan  your  next  product  with  GRACOILS. 


Established  in  1f35 

Electrical  Coils  and  Transformers 

>..  CHICAGO  39.  ILL. 


Sosywli«r«,  yew'll 
MV*  tima  by  phoning 
or  wiring  Nowork 
Electric  Tromondows, 
up-fo4hoHninuto  stocki 
ore  maintained  in  all 
throe  storos. 

COMPETENT  TECHNICAL  MEN 
handle  your  Inquiries  intelligently 
and  promptly  and  can  quote  prices 
and  delivery  dates  on  specific  mer¬ 
chandise.  Orders  shipped  same  day. 
Whan  writing  address  Dept.  R.3 


Stokes  VACUUM  GAUGES 

ifd*0n»a4  Mcteo#  'ffpo) 

Are  Always  Accurate  ^ 


IF  YOUR  NEEDS  in  radio  or 
electronics  parts,  sets  or 
equipment  are  available 


it  Literature  and  full  information 
on  ANY  manufacturer's  products 
will  be  sent  promptly  on  re¬ 
quest.  Wire  or  phone  for  quick 
action. 

it  Our  big  bargain  counters  are 
loaded  with  new  parts  and  un¬ 
usual  special  equipment.  In¬ 
quiring  minds  en{oy  these 
dispiays. 


N.Y.C.  Storm:  IIS  W.  4Sth  St.  A  212  Ful- 
N*Y  **1^'**  242  W.  55th 


•  Require  no  calibration 

•  Rapid  readings 

•  Simple  to  operate — just  tip  and 
read 

•  Two  models  (AA)  0  to  5000  mi¬ 
crons — (BB)  0  to  700  microns, 
with  readings  to  1/10  micron. 

F.  J.  STOKES  MACHINE  CO. 

4044  Tabor  Rood  Philadelphia  20.  Pa. 


OoP' 

foWowinO' 


^0096^^’ 

ClTf*— 


JHAd  jUigh  Vacuum 

FUMPl  «  OAUCES  >  EQUIPMENT 
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YLVAN*^ 
N  u.  S.  ^ 


PHOTOCELL  TRIPPING  CIRCUIT 
FOR  ELECTRONIC  FLASH  TUBE 


ti . 


Rl  K««p-oliv*  current  limiting  resistor  20  megohms 

R2  Phototube  resistor  0.25  megohm 

R3  Grid  current  limiting  resistor  10  megohms 

R5  Power  supply  limiting  resistor 
Ro*  Rt*  Rs*  R9  Phototube  and  Triggertube 
voltage  divider 

Cl  Anode  discharge  condenser  0.25  pfd. 

C2  Trigger  grid  condenser  0.01  pfd. 

C3  Flash  tube  condenser 

T  Ignition  coil  condenser 

Vb  Trigger  grid  bias  voltage 

Vi  Flash  tube  type  R4330 

V2  Type  OA5  Triggertube 


I 


Tfie  OA5  is  licensed  under  the  tube  patents  of  Edgerton,  Germeshausen 
ond  Grier,  but  no  license  is  implied  under  their  circuit  potents. 


made  specifically.  f 

for  electronic  1" 

■  ■ 

relay  applications 


SYLVAN  I AJT  ELECTRIC 

«;  hltH-lronirs  IHrixinn  .  .  .  !itHI  Hfth  Ireniie.  ^*•lr  trrrfc  Iff,  V.  1. 

MAKERS  OF  ELECTRONIC  OEVtCES;  RADIO  TUBES.  CAIHODE  RAY  TUBES;  FLUORESCENT  I  AMPS.  FIXTURES.  WIRING  OEVIClS.  ELiCTRtC  LIGHT  BULBS 
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ElEITBOiTBTII  UOlTfllEfEB 


PORTiRBLE 

PROJECtinC 

FLUSH 


iiT 


»- 
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4- 
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..s^ 


^  i!S' 


FERRnnTI  ELECTRIC,  IIIC.^”  n^wV;,.  “ 

Ferranti  Electrlc6r^.,  Toronto,  Canada  •  Ferranti,  Ltd.VHolIinwood,  England 


IM 
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The  Steatite  insulation  and  gen¬ 
eral  construction  of  these  relays 
makes  them  inherently  suitable  for 
switching  circuits  requiring  perma¬ 
nently  low  leakage,  for  switching 
certain  high  frequency  circuits,  and 
for  any  a'pplication  where  a  com¬ 
pact,  light  weight,  yet  sturdy  relay 
is  required.  Particular  attention  has 
been  paid  to  design  of  relays  that 
will  not  “chatter”  under  vibration 
even  in  the  un-energized  position. 


The  antenna  changeover  relay 
shown  is  of  unique  design  and  pro¬ 
vides  the  wide  contact  spacing  and 
positive  action  necessary  for  this 
special  purpose,  for  a  weight  of 
only  0.2  lb. 

The  other  small  relays  are  pro¬ 
vided  in  the  contact  combinations 
illustrated  at  right,  with  maximum 
overall  dimensions  of  x  11/16" 
X  \y±'  and  a  maximum  weight  of 


For  price  and  delivery  information,  write 


Corporation 

BOONTON,  NEW  JERSEY 


Aircraft 
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A.B.C 

NO. 

tAT»  AC. 
OMRATINO 
VOITAM 

AC 

tniSTANCI 

I  11975 

14 

90 

12232 

28 

300 

1  11914 

14 

90 

!  12231 

28 

300 

1 

1  11638 

28 

300 

i 

i 

7735 

28 

112  1 

PARTICULARLY  USEFUL  IN 

HIGH  FREQUENCY  BY-PASS  APPLICATIONS 


SilT*r*d  Micas 
RvceiTing  Micas 
Transmitting  Micos 
SilTStsd  MQca  Buttons 
Transmitting  Oil-filled 
B<dlast  Capacitors  (Paper) 

MOLDED  Paper  Tubulon 
Bathtub  (^1  or  Wax-Filled) 

IMoclor  (A  Paper  Transmitting) 

Motor  Starting,  for  A.  C.  and  D.  C. 
Metal-Encosed  Tubulars  (Paper) 
Mineral  Oil  (Fm  E  Characteristics] 
Tubular  Transmitting  (Dioclor,  Paper) 
Tubular  Transmitting  (Oil-Filled  paper) 


Sangamo  SILVERED  MICA  BUTTON  Capacitors 
ore  available  in  a  wide  variety  of  styles  and  sizes 
. .  .  When  space  is  at  a  premium*  solve 
your  problem  by  udng  Songomo 
SILVERED  MICA  BUTTONS. 


Write  for  the  new  Songomo  Capocitor  Catolog.  and 
check  your  requirements  ogainst  the  Sangamo.  Line. 


SANGAMO  ELECTRIC  COMPANY 


ILLINOIS 


180 
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Here's  how  it  works 


contacts. 


The  New  EDISON  Thermal  Relay. . 


O  electrical  heater  > 

(5  watts  nominal  up  to  150  volts 
AC/DC)  defleas  bi-metal  to  aauate 


@ CONTACTS 

are  rated  at  6  amperes  at  250  volts  AC 
or  450  volts  DC;  under  some  conditions, 
s.p.s.t.  normally  open  or  closed. 

O  moving  contact  arm 

carried  by  heated  bi-metal  is  a  preloaded 
spring,  which  applies  full  contact  pres¬ 
sure  immediately  after  making.  Aaion 
absolutely  noiseless. 

O  FACTORY-ADJUSTED  SCREW 

.  sets  contaa  spacing  for  desired  operat¬ 
ing  time— 5  seconds  to  8  minutes. 


:•  *  - 


e  COMPENSATING  BI  METAL 

miiifitatns  pre-set  contact  spacing  and 
timing*,  regardless  of  ambient 
teir|^ratur^'  * 

^  ©'T' SPRITNGS 

braced  between  sturdy  ceramic  support 
1^^? V*  and  glass  tube  make  assembly  shock 

Li  HERMniCALLY  SEALED 

in  glass  envelope,  relay  is  tamper-proof, 
fiUly  proteaed  from  dust,  dirt,  corrosion, 
j,  or  contaa  with  outside  air,  with  oper¬ 

ation  independent  of  altitude. 

•  ARC-QUENCHING  ATMOSPHERE 

guarantees  absolute  minimum  of  con- 
taa  fouling,  pitting,  or  transfer;  per¬ 
mits  equal  AC  and  DC  ratings. 

^  •  STANDARD  RADIO  TUBE  BASE 

4-pio  or  oaal. 


What  can  this  new  thermal  relay  do  for  you? 


It  protects  vacuum  tubes  by  delaying  plate  voltage  until  cathodes  are 
hot.  But  delay  or  timing  is  only  one  of  its  many  uses.  For  instance,  it 
indicates  or  controls  over-  and  under-current  or  voltage.  The  EDISON 
Thermal  Relay  carries  relatively  heavy  AC  or  DC  loads  and  prevents 
chatter  when  actuated  by  delicate  controls.  It  can  do  dozens  of  other 
jobs  better  and  more  cheaply  than  any  other  type  of  relay. 
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The  services  of  Edison  engineers 


are  available  to  assist  you  in  working  out 
your  particular  problems.  A  letter  giving 
ELS  much  data  els  possible  on  the  proposed 
use  will  receive  prompt  attention.  Instru¬ 
ment  Division,  ThomELS  A.  Edison,  Incor¬ 
porated.  22  Lakeside  Avenue,  West  Orange, 
New  Jersey. 
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Holds  to  Tolerances  up  to  +  .0 


In  port  oftnr  port,  ond  in  ony  quontity, 
Mykroy  molds  ond  holds  to  criticol  tolor* 
oncos.  In  this,  tho  only  coromic  which  con 
bo  moldod  undor  hoot  ond  prossure  to  such 
closo  toloroncos,  oro  combined  mony  other 
highly  desiroble  properties  thot  distinguish 
Mykroy  from  oil  other  types  of  insuloting 
moteriols. 

Unique  in  the  doss  of  gloss-bonded  mico 
ceromics,  Mykroy  possesses  oloetrkal  char- 
ocferistics  of  tho  highosi  ardor  which  do 
not  shift  under  ony  conditions  short  of 
octuol  destruction  of  the  moteriol  itself. 
Furthermore  it  will  not  worp-«^is  imper¬ 


vious  to  gos,  oil  ond  woter— withst 
heot  up  to  1000^  F  ond  will  not  chor  or 
corbonize. 

Its  mechonicol  strength  is  comporoble  to 
cost  iron  ond  becouse  it  bonds  firmly  to 
metols  it  is  portlculorly  suited  to.  molding 
ports  with  metol  inserts.  Even  where  price 
is  o  foctor  it  competes  with  mony  stond- 
ord  insuloting  moteriols  of  lower  electricol 
properties. 

For  improved  performonce  ond  better 
quolity  in  your  new  products  investigote 
the  mony  odvontoges  of  Mykroy.  Write 
for  somples  ond  full  informotion. 


MADE  EXCLUSIVELY  BY 


70  CLIFTON  BLVD  ,  CLIFTON.  N  J 

CHICAGO  47:  1917  N.  Sprinqficid  Ave.,  Tel.  Albany  4310 
FXPORT  OFFICE  89  Broad  Street.  New  York  4,  New  York 
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\\  AM  ABl  f 


This  New  Book  Lists  155  Fiims 


Training  ELECTRONiCS  WORKERS 


IT  TELLS  YOU 


1946  tUlTlON  . 


The  INDEX  of 

training  films 


c  what  each  film  is  about 

•  which  films  are  free 

•  which  you  can  rent  or  buy 

•  where  to  get  them 


With  this  book  as  a  guide,  you  can  instruct  your 
workers  easily  .  .  .  inexpensively  .  .  .  effectively. 
Thousands  of  large  and  small  plants,  mainte¬ 
nance  and  service  shops  are  using  it  to  get  excel¬ 
lent  training  films  now  available  from  private 
industry,  government  bureaus,  and  film  dis¬ 
tributors. 

On  electronics  and  related  subjects  there  are 
155  movies  and  slide  films,  covering  theory, 
tubes,  circuits,  special  technics  .  .  .  films  for 
production  workers,  salesmen,  and  maintenance 
personnel. 

All  of  them  are  described  for  you  in  this  in¬ 
formative  104-page  book,  along  with  about  1500 
films  on  other  industrial  subjects. 

It  also  tells  you  where  to  get  the  films  you 
want  and  the  purchase  or  rental  cost  if  any.  Get 
a  copy  of  “The  Index  of  Training  Films”  for 
reference.  It’s  free.  Just  write  to  . . . 


Eastman  Kodak  Company,  Rochester  4,  N.Y. 


Send  for  your  free  copy 


Eastman  Kodak  Company 
Rochester  4,  N.  Y. 

Please  send  me  a  free  copy  of 
“The  Index  of  Training  Films.’ 


Name. 


Training  Fiims 


Company. 


Street. 


I 

^^heMmportonMunctioi^^hotographyi^^Ci^ 


.State. 
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The  design  of  this  FM  Signal  Generator  has  been  completed  after  many  nionths  of  painstaking  researdi 
on  the  part  of  Boonton  Radio  Corporation  to  develop  a  precision  instrument  meeting  the  rigid  require¬ 
ments  set  forth  by  leading  FM  and  television  engineers  throughout  the  country. 


Fr«quMicy  cev«rag«  from  54  216  m^gpcyclM  is  providsd 

by  two  rangss,  54  to  lOt  msgcMycIss  and  106  lo  216  in«go> 
cycles.  A  front  ponol  modulation  motor  having  two  doviotion 
scales,  (^80  kilocycles  and  (V240  kilocycles,  permits  accurate 
modulation  settings  to  bo  mode. 

Ahhough  fundamentally  an  FM  instrument,  amplitude  mod¬ 
ulation  from  zoro  to  50%,  with  meter  colibrotions  at  30% 
and  50%,  has  been  incorporated.  This  AM  feature  offers 
increased  versotility  and  provides  a  moons  by  which 
simultaneous  frequency  and  amplitude  modulation  may  be 
obtained  through  the  use  of  an  external  audio  oscillator. 

Tho  Internal  AF  oscillator  has  eight  modulation  frequencies 
ranging  from  50  cycles  to  1 5  kilocycles,  any  one  of  which 


may  be  conveniently  selected  by  a  rotary  type  switch  for 
either  amplitude  or  frequoncy  m^ukrtion. 

The  calibrated  piston  typo  attenuator  bos  a  voltage  range  of 
from  0.1  microvolts  to  0.2  volts  and  is  standardized  by 
means  of  a  front  panel  output  monitor  meter. 

The  output  impedance  of  tho  instrument,  at  the  terminais  of 
the  R.F.  output  cable,  is  26.5  ohms. 

Careful  consideratien  has  been  given  to  the  positioning  of 
tho  main  frequency  dial  and  various  controls,  with  modula¬ 
tion  and  output  monitor  meters  locoted  at  eyelevel  for 
maximum  readability.  Dimensions  hove  been  chosen  to 
permit  greotest  economy  of  loborcHory  spoce.  For  completo 
details  write  for  Catalog 


Th*  design  of  this  mstrumont  was  described  on  poget  96-101  of  tho  November  issue 
of  ftfCTRONiCS.  Zeprmfs  of  this  artido  ore  ovoifob/e  upon  roquotf. 


BOONTON  RADIO 

BOONTON  N  J  U  S  A  I  i  't/h  '/( 
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strip  Insulated  Wires 

OUICKBII .  ..  BSTTBR 


AUTOMATIC  WIRI  STRIRRIR 
4»»Sp##di  Rroductlon 

Strips  Insulation  from  all  typas  of 
wira — instantly,  aasily,  parfactly 
Just  prass  tha  handlas  and  tha  job 
is  dona.  Cuts  wira  too.  Strips  800 
to  1000  wiras  par  hour.  Availabla 
for  all  siza  solid  or  strandad  wiras 
—No.  8  to  No.  30.  List  Prica  $&.00 
Writ*  0*pt.  C  tor  F*ll  Portlcafor* 


GENERAL  CEMENT  mfc  co 

Rockford,  Illinois,  U.S. A.  ~ 


PRECISE  ELECTRONICS  CO. 
Manufacturer  of 

all  types  ol  COILS  for  radio  and  other 
electronic  deTices. 

Wire  cut  and  stripped  to  size. 

614  West  49th  Street  New  York,  N.  Y. 
Telephone:  Circle  5-9063 


MS 


ILMCRAPH 


CONFERENCE,  TELEPHONE.  DICTATION 
Parnanent  recorders  4  Instantaneous  play-back 
machines  for  all  Industrial  purposes.  Safety  film 
cost  5c  per  hour. 

MILES  REPRODUCER  CO.,  INC. 

•12  B'woy,  Dept.  E,  New  York.  3.  N.  Y. 


^0. 

4% 


H«t«  h  Uid  Mwlldfl  poaubk  A.  C.  pow«f  o«d«l 
le  III  lUAdtd  plitfs.  RivRti,  tytlRfi  or  ipol  ure\6% 
M  pUct.  providt  for  wf«p  kronod  kod  fk«l 
•oldotiny  of  wot.  Moootiri)  ctrHort  l-t/f",  Ikkkt 
ooly  1"  cltkTkACO  bkck  ol  pkii«l.  UodorwriUn 
kpprovtd  for  10  kmp.  ^  SSOV  or  IS  emtp.  9 
ItSV 

WRITE  fOR  ALOEN-S  •'•LUE4O0lf'* 
ALDEN  PRODUCTS  COMPANY 

BROCKTON  B4W  MABSACHUBTTTS 


RADIO  BOOKS 

BY  MAIL 


SAME-DAY  SHIPMENT  ON  98%  Of  All  MAIl  ORDERS. 
Books  of  Aoorly  oil  rodio  publisKort.  H  you  dort't  krvow  prict# 
sotkI  dopotit  and  wo'll  ship  C.O-D. 

editors  and  engineers,  itd. 

1303  Keawaad  load  •  Santa  Barbara.  CaStomia 


High  Spocd  Product  ion  Of  Quality 
R.  F.  Coils  and  Sub-As8enblies,<^^J 
For  Disorininating  ^Janufacturers  5^" — ^ 

/T/"  INSTRUMENT 

LABORATORY, INC. 

1125  Bank  Street,  Cincinnati  14,  Ohio 


Make  it  a  HABIT  ...  to  check 
this  page—EACH  ISSUE 

THIS  CONTACTS  SECTION  supplements  other 
advertising  in  this  Issue  with  these  additional 
announcements  of  products  and  servlcM  essential 
to  efficient  and  economical  operation  In  the  field 
of 

ELECTRONICS 
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FINE  RIBBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Quality  and  accuracy  in  our  fabrica¬ 
tion  of  Tungaten  &  Molybdenum  Rib- 
bona  have  characterized  our  aerrice 
to  the  Electronic  industry. 

A  development  of 

H.  CROSS  Co. 

15  Beekman  St.,  New  York7,N.Y. 


••••••••••••••••••••••••••••••• 
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MICROMETER 

FREQUENCY 


METER 


1%  for 

ohaekini 
Transmitters 
from  100  Ke  te  175  Me. 
within  0.01  par  cent 


LAMPKIN  LABORATORIES 

Bradeetoe,  Fie.,  U.  S.  A. 


REX  RHEOSTAT  COMPANY.  BALDWIN.  L  L.  N.  Y. 


PROTECTED  4  UNPROTECTED 

RHEOSTATS 

WITH  LUBRICATED  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  BACK  LASH 
PROTECTED  4  UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PROMPT  SHIPMENTS 


We  manufacture  a  complete  line  of  equipment 


SPOT  WELDERS,  electric  from  %  to  50  KVA 
TRANSFORMERS,  special  and  standard  types 
IN'CAN'DESCBaiT  LAMP  manufactiKlng  equipment 
FLUORESCENT  TUBE  MAKING  EQUIPMENT 
ELECTRONIC  EQUIPMENT,  vacuum  pumps,  etc. 


AC  ABC 
WELDERS 
from  100  to 
400  Amps 


WET  GLASS  SLICING  and  cutting  machines  for  laboratory  use 
GENERAL  GLASS  working  machines  and  burners 
COLLEGE  GLASS  working  imiU  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ave.)  _ Newark.  New  Jersey 


I 

SSI 


Electron  Tube  Machinery 

of  every  type,  —  standard,  and  special  design 

Specialists  in  Equipment  for  the  mcmufac- 
ture  of  Radio  Tubes,  Cathode  Roy  Tubes, 
Fluorescent  Lamps,  Incandescent  Lamps, 
Neon  Tubes,  Photo  Cells,  X-rcry  Ttibes 
and  other  glass  or  electronic  products,  on 
production  or  laboratory  basis. 


cnoinEERinc.  compnnv 


1307-1309  Seventh  St.,  North  Bergee,  N.  J. 


MERRYLECTRONIC 

XMAS 

Engineers  think  that  Santa  works 
for  Sun  Radio.  That's  their  only 
explanation  for  the  surprising 
way  in  which  wo  supply  hard-to- 
get  radio  •  electronic  parts  4 
equipment.  Find  out  for  your¬ 
self.  Call  Sun  today  I 


SUN  RADIO 


18  YEARS  IN'RADIO 


& 


GET  THIS 
71^44  CATALOG 
By  This  Old  Firm 


latest  developments  in 
radio  and  electronic 
ports  and  devices,  new¬ 
est  ham  gear,  gadgets 
for  experimenters,  bar¬ 
gains  in  war  surplus 
items 

FREE 

TO  YOU 

Moil  the  coupon  be¬ 
low  and  get  this 
new  catalog  FREE 


BURSTEIN-APPLEBEE  CO., 

1012  AAcGee,  Kansas  City  6,  AAo. 

Send  me  FREE  catalog  advertised  in 
Electronics. 


STATE  CONNECTION  IN  INDUSTRY 


&  ILECTRONtCS  CO.^  Inc. 

fSTABltSHfO  iD32 


if 


172-124  DUANI  SU 


NfW  YORK  7,  N.  Y.  lArdoy  7-1840 


Professional  Services 

Consulting  —  Patents  —  De  ign  —  Development  —  Measurements 

in 

Radio,  Audio,  Industrial  Electronic  Applications 


1 

H.  RUSSELL  BRpWNELL 

Consulting  Engineer 

Sptdallsina  In  Maasurtmants  &  Tatting 
Instrumants  •  Tachniquas  •  Elactrical  •  Elac- 
tronic  •  Magnatic. 

188  Watt  4th  St.  Naw  York  14.  N.  Y. 

Chaltaa  2-4208 

ELM  LABORATORIES 

EL.ECTRONIC-MECHANICAI. 

RESEARCH  A  DESIGN 

Patented  BLM  DeveUtpmenU  inelmde 
PREQRAME  Automatic  Radio  Program  Tuner, 
Famous  “Oerty"  Direction  Finder  Loop.  Sealed 
Xtal  Holder.  Home  Receiver  Designs. 

20  South  Broadway  Dobbs  Ferry,  New  York 

Wione  Dobbs  Ferry  4058 

ALBERT  PREISMAN 

Consulting  Engineer 

Television,  pulse  Techniques,  Video 

Amplifiers,  Phasing  Networks, 

Industrial  AppUcationa 

AflUlated  with 

MANAGEMENT-TRAINING  ASSOCIATES 
3308-14tb  N.W.  Washington  10,  D.  C. 

EDWARD  J.  CONTENT 

Acoustical  Consultant 
and 

Audio  Systema  Endneerlng,  FM.  Standard  Broad* 
.'ast  and  Television  Studio  Design. 

Boxbury  Bead  Stamford  3-7468 

Stamfwd,  Conn. 

PAUL  E.  GERST  &  CO. 

CONSULTING  ENGINEER 

Specialists  in 

Electrical  Product  Design 

EL  Machinery.  Apparatus  A  Applications 

El.  Appliances.  Hi-Frequencies  Apparatus 
Electronics.  Radio  Communications 

205  W.  Wacker  Dr.  Chicago  6,  ni. 

JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrlo  and  Mechanical  Engineering  Problems 
Instrumenu  and  Control  Devices  Electronics 

Specialists  in  Colormetry.  Spectrophotometry  and 
Industrial  Color  Control 

Laboratory  and  Shop  Facilities 

202  Darby  Road  Llansrch.  Pa. 

Phone  Hilltop  6910 

DONALDSON  ELECTRONICS 
LABORATORY 

Beteareh  and  DvMUtpmmt 

Shoran  Radio  Surrey  Consultant 

CuBtmn  Built  ’Scopes  -  Trick  Circuits 
Sficrosecond  Sweeps  -  Microwave  Systems 
Industrial  Applications 

P.O.  Box  1486  San  Antonio.  Texas 

C.  M.  HATHAWAY 

Consulting  Engineer 

Research  and  Development 

Product  Deslrns 

Tool  A  Methods  Engrlneerlnir 

Pilot  MannfactnrlnE 

ISIS  S.  Clarkson  St.,  Dsnvsr  10,  Colorado 

ARTHUR  J.  SANIAL 

Consulting  Engineer 

Loudspeakers  and  Allied  Devices 

168-14  32  Ave.  Flushing.  N.  Y. 

STANLEY  p.  EILENBERGER 

Consulting  Engineer 

INDUSTBIAL  ELECTRONICS 

DesiEn — DeTalopment — Models 
CompletolAiboratory  and  Shop  Facilities 
6S09-1S— 27th  Ave. 

Kenosha,  Wls.  Telephone  2-421S 

INDUSTRIAL  DEVELOPMENT 
ENGINEERING  ASSOCIATES 

Engineering  Consultants 

Electronic  Control,  Motion  Picture  A 
Sound  Eqaipment 

Dev^opment — DesiEn— Models 

5874  CoUese  Ave.  Indianapolis  5.  Ind. 

TECHLIT  CONSULTANTS.  INC. 

Technical  literature  and  art.  Speciallsta  In  eleo- 
trtmics.  Instruction  manuals,  sales  brochores, 
catalogues,  iaometrlos.  perspective,  photo-retouch¬ 
ing,  schematics,  wiring  diagrsma  Expert  work  at 
low  cost.  Ws  have  never  mi.<(sed  a  deadline. 

140  NasMU  Street  New  York  7,  N.  Y. 

ELECTRO  ENGINEERING 
WORKS 

SpeciallatnE  In  Hlffh  Toltase  Filament  and 
Plant  Transfonnaa  for  Kleetronie  Projsets 

Quick  Deliveries 

6021  CoUeEe  Awe.  Oakland  11,  Calif. 

RICHARD  C.  KLEINBERGER 

Licensed  Professional  Engineer 

Eleetronlo  Heatlnr  Applications 

20  Cstlinan  Road,  Whits  Plains,  N.  Y. 

RAYMOND  M.  WILMOTTE  INC. 

A  Complete  Engineering  Service 
for  the 

Application  of  Electronics  to  Industry 
Consultation  Design  Construction 

236  West  65  Street  1713  Kalorama  Road  N.  W 

New  York  19,  N.  Y.  Washington,  5,  D.  C. 

ELECTRONEERS 

Electronic  Consultants 

Industrial  •  Communications  >  Medical 

Write  or  phone  for  preliminary  surrey  without 
charge. 

489  Fifth  Are.  New  York  17.  N.  T. 

Murray  Hin  2-2492 

MIDLAND  ASSOCIATES 

Consulting  Engineers 

Enginssring  Dstign  A  Dsvsiopmsnt 
Tsisvision  Rscsivsrs— Tschnicsl  Msnusli 

FM.  Rscsivsrt— Tsst  Instrumants 

A.M.  Rscsivsrs— SpscisI  ProbIsms 
is  all  phasss  of  Elactronlcs 

1859  Unt  Avs.  Chicago  24,  III. 

PAUL  p.  zonu 

Consulting  Engineer 

INDUSTRIAL  ELECTRONICS 

High  Frequency  Dlelectrie  and  Induction  Heating 
Applications.  Equipment  Selection.  Equipment  and 
component  Desl^  Development.  Models. 

272  Centre  St  Newten,  Mam. 

BIO-9240 

THE 

REAL 

VALUE 


of  placing  your  unusual  problem  in  the  hands  of 
a  competent  consultant  eliminates  the  elements 
of  chance  and  uncertainty  from  the  problem  and 
provides  real  facts  upon  which  to  base  decisions. 


I 
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December,  f 946  —  ELECTRONICS 


Searchlight  Section 


EMPLOYMENT 


BUSINESS 


UNOISPLAYS  RATE: 

IS  cants  •  word,  minimum  ehnrgo  $3.00. 
(Sm  ^  on  Box  Nambors.) 

POSiTIONS  WANTED  (fuil  or  part-timo  ui- 
ariod  individual  amploymant  only),  1/2  abova 
rates. 

PROPOSALS  7S  cants  a  itna  an  Insartlen. 


OPPORTUNITIES 

INFORMATION: 

BOX  NUMBERS  in  earn  of  any  of  our  New 
York,  Chicago  or  San  Francisco  offices  count 
10  words  additional  in  andispiayad  ads. 

DISCOUNT  of  10%  if  full  payment  is  made 
in  advance  for  four  consecutive  insertions  of 
undisplayad  ads  (not  including  proposals). 


•  EQUIPMENT— USED  or  RESALE 

DISPIAVEO— (ATf  Pe*  INCH; 

The  advertising  rata  Is  $9.00  par  inch  for  all 
advertising  appearing  on  other  than  a  con 
tract  basis.  Contract  rates  quoted  on  request 
AN  ADVERTISING  INCH  is  measured  %  inch 
vertically  on  one  column,  3  columns — 30  inche* 

— to  a  page.  E 


NEW  ADVERJISENIENTS  rece/vad  by  10  A.  M.  Dtctmbtr  10th  will  appear  In  thn  January  issue,  sub/eef  to  limitation  of  spoce  arallabla. 


I  WANTED 

SUPERVISORY  ENGINEER 

I  Company  specializing  in  the  deveiopment  of 
I  elaetro.mechanicai  equipment  has  a  permanent 
I  supervisory  position  open  for  Engineer— experience 
I  in  electro-mechanical  development  and  design. 

I  Location:  Minneapoiis  —  St.  Paui,  Minnesota 
•  P-260,  Electronics 

I  520  North  Michigan  Ave..  Chicago  11.  Ill. 


ilMIIMItttSMIlllIttlMMIMSIlllltlttMMSIMIItlltltlMillllttlltSIIIMSIlESIItltllllllMStlsilllllSSIIIIIIIIItSlltl 


POSITIONS  VACANT 


ASSOCIATE  PROFESSOR  Of  Electrical 
Engrineerinsr.  Education:  M.S.  degree  in  E.E. 
with  specification  in  Electronics.  Teaching 
experience  required.  Industrial  or  military 
experience  desirable.  Salary  $3200.00  to 
$3600.00  for  nine  months  school  year  depending 
on  age  and  experience.  Write:  Department  of 
Electrical  Engineering,  North  Dakota  -Agricul¬ 
tural  College,  Fargo.  North  Dakota. 


INSTRUCTORS  to  teach  Radio  Engineering, 
must  have  B.S.  Degree  in  E.  E.  or  Physics,  or 
equivalent;  6  years  experience  in  commercial 
electronics  works.  Knowledge  of  Microwaves 
desirable.  Write  giving  full  details  regarding 
education  and  experience  to  Personnel  Dept., 
Spartan  School  of  Aeronautics,  Tulsa.  Okla¬ 
homa. 


EMPLOYMENT  SERVICE 


SAIaARIED  positions  $2.500-$25.000.  This 
thoroughly  organized  confidential  service  of 
36  years’  recognized  standing  and  reputation 
carries  on'  preliminary  negotiations  for  super¬ 
visory,  technical  and  executive  positions  of  the 
calibre  Indicated,  through  a  procedure  individ¬ 
ualized  to  each  client’s  requirements.  Retain¬ 
ing  fee  protected  by  refund  provision.  Identity 
covered  and  present  position  protected.  Send 
only  name  and  address  for  details.  R.  W. 
Bixby,  Inc.,  278  Dun  Bldg.,  Buffalo  2.  N.  T. 


POSITIONS  WANTED 


SAIaES  ENGINEER:  Experienced  engineer 
earnestly  desires  changing  from  dealing  with 
circuits,  slide  rules  and  test  apparatus  to  more 
direct  contacts  with  people  and  personalities, 
i.e.  position  in  sales  engineering  field.  Thor¬ 
oughly  acquainted  radio  equipments  and 
components;  qualified  from  personality  and  ap¬ 
pearance  standpointa  Prefer  N.T.C.  area  or 
western  U.  S.  PW-263,  Electronics,  330  W.  42nd 
St..  New  York  18.  N.  Y. 


fContinoed  on  page  312) 


I  AUDIO  ENGINEER 

I  AvallabI*  New 

19  feors  DIversHieef  EmptIrrcr 

DISC  RECORDING  EQUIPMENT 
1  &  SYSTEMS 

I  AUDIO  TEST  EQUIPMENT 
MINIATURE  AUDIO  SYSTEMS 
j  HIGH  QUALITY  AUDIO  FREQUENCY 
SYSTEMS  FOR  MANY  PURPOSES 

s 

I  Design  Administration 

I  A  practical  and  e£Fective  worker,  will- 
I  ing  and  capable  of  taking  charge  of 
I  a  product  from  start  to  maricet. 

I  PW-#62,  Electronics 

I  380  West  42nd  St.,  New  York  18.  N.  Y. 


WANTED 

ELECTRONIC  ENGINEER 

Electronic  Engineer,  preferably  under  30  years  of  age  wanted  for 
Research  Department  of  Caterpillar  Tractor  Co.,  manufacturers 
of  Diesel  Engines,  Tractors  and  eorthmoving  equipment.  Appli* 
cant  should  be  on  Electrical  Engineering  graduate  and  hove  prac¬ 
tical  knowledge  of  laboratory  electronic  instrumentation,  design 
and  application. 

Please  state  qualifications,  education,  training  and  experience 
so  that  on  interview  con  be  arranged. 

All  applications  will  be  carefully  considered  and  acknowl¬ 
edged.  Please  address: 

CATERPILLAR  TRACTOR  CO. 

PEORIA,  ILLINOIS 


WANTED 


Prominant  Aitcrait  Company,  Eastern  United  States  needs  men  with  following 
qualifications: 

Experienced  engineers  with  Bachelor's.  Master's.  Doctor's  degrees  in  Electrical 
Engineering.  Physics.  Mathematics.  At  least  two  years  experience  in  design  and 
deTelopment  of  radar  and  teleTision  systems,  automatic  computers,  serromechon- 
isms.  target  seekers,  etc.,  required.  Positions  open  for  preliminary  and  detail 
design,  research,  and  deTelopment  of  guided  missiles  under  Army  and  Nary 
contracts. 

Storting  salary  commensurate  with  experience.  Address 

P-24S,  Electronics 

330  West  42nd  St.,  New  York  18,  New  York 
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AVAILABLE 
JANUARY  I.  1947 
Executive 

Electronics  Engineer 

RESEARCHER— DESIGNER 

Age  41,  married,  3  cbildree. 

Solory  $10,000-$1 2,000,  aay  place  ia  U.S.A. 

Lt.  Cemdr.  USNR,  released  April  28,  1944 

Sole  Inventor  18  gatents,  including  1808738, 
2077768,  2080S75.  2102911,  2100410,  2164019, 

2168071,  2346068,  2358534.  Co-inventor  other*. 

For  IS  years.  Chief  E.E.  in  eharge  Res.  4.  Dev., 
fflidweet  manufacturer  sgeed-control  tycteme. 

Weak  at  calculus  and  chemistry:  strong  at  mo- 
chanlc*.  eloetronio  circuitry,  servn.mechanism. 
instrumentation,  doeign  for  gr^uetlon. 

Worked  on  development  Night-Fighter  Radar  at 
M.I.T.;  then  Aircraft  Radar  OSIeer  on  carrier  in 
combat:  then  18  mo.  BnAer,  Armament  Olvitinn, 
devoleging  systems  for  combining  Radar  with  Fire- 
Control,  Turret-Control,  and  Bomh-sighta. 

Centlnneusly  retained  since,  “Consulting**  on 
groduet  development  and  market  tnrveiy.  SuceetsfnI 
at  Sales  Engineering  and  at  getting  along  with 
people.  Prefer  to  nooept  the  lower  pay  that  gees 
with  eeeurlty.  research,  and  lees  necessity  ts  **wln 
friends  and  InSuenee  peegla*' 

W.  R.  PERRY 

171-37,  44tli  At#.,  Floghlog,  N.  Y. 


WANTED 

ENGINEER-EXECUTIVE 

We  need  a  top-flight  executive 
to  direct  the  engineering  efforts 
of  our  young,  expanding  elec¬ 
tronic  manufacturing  organiza¬ 
tion. 

P-267,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 
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Additional 

Employment  Advertising 
on  Pages  312  &  313 
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SEARCHLIGHT  SECTION 


WANTED 

PHYSICISTS 


Larq*  Oil  Companr  ia 
with  long  ettablishod  RoMoreh  ond 
DoTolopment  DiTision  bos  oponiags 
for  men  with  experience  in  experi¬ 
mental  or  theoretical  physics. 

A  rapidly  growing  physical  re¬ 
search  group  is  doing  fundamental 
and  applied  research  in  radiation, 
nuclear,  electronics,  general  phys¬ 
ics,  and  geophysical  prospecting. 

Real  opportunities  exist  for  top 
flight  men  to  grow  with  this  ex¬ 
panding  organization  which  is 
committed  to  long  term  research. 

Salaries  ore  high  and  based  on 
education  and  experience.  Our 
own  personnel  know  of  this  ad. 

P.227, .  Electronics 

330  West  42nd  St.,  New  York  18,  N.  T. 


POSITIONS  WANTED 

(Continued  from  paire  311) 


QUALIFIED  RADIO  Engineer  desires  connec¬ 
tion  as  Assistant  Chief  Engineer,  Administra¬ 
tive,  Project.  Liaison.  Sales  Engineer  or  equiva¬ 
lent  responsible  position.  Prefer  television  or 
UHF/VHF  activities.  Eight  years  background 
research,  developmental,  production  phases 
auto  radios,  RF  coil  and  tuner  design,  FM, 
radar  countermeasures,  D/F  systems,  record¬ 
ing-reproducing  equipment.  Age  31;  married; 
personable;  ability  to  direct  overall  responsi¬ 
bilities  of  developmental  and  production  proj¬ 
ects.  Location  N.Y.C.  area  or  western  U.S. 
PW-264.  Electronics,  330  W.  42nd  St..  New  York 
18.  N.  Y. 


ELECTRONICS  TRAINEE  on  job  preferred.  3 
years  experience  with  U.  S.  Navy.  Eric 
Browner,  3132  Perry  Ave.,  Bronx,  New  York. 
Telephone:  Olinville  2-2144. 


BUSINESS  OPPORTUNITY 


LOUDSPEAKER  for  custom  and  domestic 
sound  installations  (see  Electronics  for  Feb¬ 
ruary,  1946)  with  performance  comparable  to 
large  theater  types  now  developed  through 
pilot  model  and  limited  production  stages  in¬ 
cluding  patent  protection,  needs  plant,  market 
development  and  organization  beyond  my 
means.  Would  consider  forming,  joining,  or 
being  joined  by  existing  organization  or  indi¬ 
viduals  to  form  team  to  exploit  this  and  other 
ideas.  Write:  Paul  W,  Kllpsch,  Hope,  Arkansas. 


Available 

HEARING  AID  ENGINEER 

Intensive  Experience  on 

HEARING  AIDS 
STETHOSCOPES 
AUDIOMETERS 
TEST  EQUIPMENT 
PSYCHO  ACOUSTICS 

With  a  good  record  in 

every  step  from  product  develop¬ 
ment,  production  problems,  admin¬ 
istration,  to  technical  publicity  for 
the  finished  product. 

PW-266,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  T. 


Broadcast  Radio  receiver 
Project  Engineers,  Television 
receiver  Project  Engineers  and 
Mechanical  Engineers  exper¬ 
ienced  in  broadcast  receiver 
engineering  methods.  Excel¬ 
lent  opportunity  for  advance¬ 
ment  in  a  growing  engineering 
department. 

Reply  giving  full  details  to 

Personnel  Manager 
BENDIX  RADIO 
Division  of  Bendix 
Aviation  Corporation 
Baitimore  4,  Maryland 


I  Aireraft  Corporation,  old  established  firm  has  " 
5  openinos  for  the  following  technical  personnel:  5 

:  Engineering  Technical  Writer— B  S  Degree  In  Aero  ' 
I  tngr.  or  Mech.  Eng.  Experience  in  report  writing 

s  nBCBSsBry* 

1  Industrial  Engineer— 25  to  30  years  old  with  3  to  5  = 
5  •"  Administrative  Engineering  = 

I  with  Industrial  Organization.  .= 

5  Two  Electrical  Engineers  or  Physicists.  M  S  De. 

I  grees  or  better  preferred.  One  with  at  least  four  = 
I  yMr*  experience  In  research  or  development  of  tele- 
I  vision  or  microwave  receivers,  the  other  with  i 
i  ®Quiy*l*nt  experience  on  microwave  antennas  and/or 
I  systBmte 

I  Two  Applied  Physicists— M  S  or  Ph  D  Degrees,  one  ^ 
I  with  at  least  3  years  experience  in  Electronics  i 
:  and/or  Instrument  Design,  the  other  with  equiva-  = 
5  lent  experience  as  an  experimental  physicist  with  i 
:  high  vacuum  experience.  • 

I  Two  Mathematicians— M  S  or  Ph  0  Degree  with  1 
s  ily®j![®**'*  ®xP*rlonce  In  Research  and  Development  = 
5  Probiemt.  | 

I  P-261,  Electronics  1 

5  620  North  Michigan  Ave.,  Chicago  11.  Ill.  I 

. . . . . 

. . . . . . I . . . . . 

WANTED 

ELECTRONIC  MANUFACTURERS’  I 
SALES  REPRESENTATIVES 

Manufacturer  of  Induitrial  Electronic  f 
equipment  including  motor  control,  de-  I 
sires  additional  sales  representation  in  ! 
industrial  areas. 

Applicants  should  be  acquainted  with  I 
Electronic  circuits  and  will  first  spend  f 
.considerable  time  at  factory  to  study  | 
equipment.  I 

RW-259,  Electronics  | 

620  North  Michigan  Ave.,  Chicago  11,  Ill.  : 

I  ! 

iciiNitinstiittimMtimiitNiiuiHiiiniitiitiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiitrtttiinm 


ELECTRICAL 
ENGINEERS 

(SENIORS) 

SEVERAL  POSITIONS 
OPEN 
FOR  MEN 

WITH  UHF  EXPERIENCE 

MECHANICAL 
ENGINEERS 

(SENIORS) 

SEVERAL  POSITIONS  OPEN 
FOR  MEN  WITH  RADAR 
DESIGN  EXPERIENCE 

s 

ALLEN  B.  DU  MONT  I 
LABORATORIES,  INC. 

2  Main  Aveoue,  PASSAIC.  N.  J.  | 


SALES 

ENGINEERS 

Wanted 

by  large  radio  parts 
manufacturer 


I 


Will  be  trained  for  territorial 
office  managementships.  Good 
appearance,  pleasant  personality  j 
and  desire  to  learn  overall  sales  I 
and  business  management  are  es-  | 
sential,  but  none  need  apply  who  1 
lack  the  prime  requisite  of  practi-  | 
cal  broadcast  receiver  design  engi-  | 
neering  experience.  In  reply  give  I 
historical  background,  nationality  | 
and  salary  requirement.  f 

SW'T31,  Electronics  | 

330  West  42nd  St.,  New  York  18,  N.  T.  | 

. . . 


ATTEIVTIOIV  EXGIIVEERS 

I  Experienced  engineers  with  Bachelor's,  Master's  or  Doctor's  degrees  in  1 

I  Electrical  Engineering,  Communications,  Radio,  Physics,  Mathematics.  At  I 

I  least  two  years  experience  in  design  and  development  of  radar  and  tele-  | 

I  vision  systems,  electronic  navigational  systems,  automatic  computers,  servo-  I 

I  mechanisms,  etc.,  required.  | 

I  Specialists  in  High  Frequency  transmitters,  receivers,  antennas,  air-  | 

i  craft  electronic  components  particularly  desired.  I 

I  Starting  salary  commensurate  with  experience.  Exceptional  opportunity  I 

!for  the  right  men.  * 

ITrite  I 

I  McDOIVIVELL  AIRCRAFT  CORPORATION 

ILambert-St.  Louis  Municipal  Airport, 

BOX  516  ST.  LOLTS  (21)  MISSOURI  | 

. . . . . . I . . . . . . . . S 
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New  England 

SALES  REPRESENTATIVE 

Desires  connection  with  high 
quality  manuiacturers  in  elec¬ 
tronic  fields. 

Long  experience  in  all  phases 
of  electronics. 

MORRILL  P.  MIMS  COMPANY 

M.  P.  Mims,  W5BDB/1 

I  43  Leon  St.  Boston  15,  Host. 
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. . . . . milt . . . .  j 


Pacific  Northwest 

B 

I  Manufacturers'  Representative: 

I  Want  to  represent  national  lines 
I  electronic  and  electric  equipment. 

I  Excellent  contact  with  industrial 
I  trade,  jobbers  and  marine  outlets 

II  with  service  organization  for  lines 
represented. 

I  RA>258,  Electronics 

I  68  Post  Street,  San  Francisco  4,  Cal. 

fsUHIItlllllllMIIIIKIMlIMIIIMIIMIIIIIIMIllllMIIMIIIMIMHaiMIUIIIIItllltllllMIttintnMiMa 

i  NATIONAL  DISTRIBUTION 
"  AVAILABLE  ' 

For  Manuiacturers  who  moke  prod¬ 
ucts  suitable  for  sale  to  Radio,  Elec¬ 
trical.  Electronic  Jobbers  and  Indus¬ 
trials.  We  have  a  complete  soles 
staff  for  national  and  export  distri¬ 
bution.  Reply  with  samples  or  de¬ 
scription  of  product. 

RA-228,  Electronics 

330  West  42nd  St..  New  York  18.  N.  T. 
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Electronic  Engineering  Service 

Research  Design  Development 
in  ELECTRONICS 
and  APPLIED  PHYSICS 
for  industry  and  laboiatory 

SUBMIT  YOUR  PROBLEMS 

SENTINEL  LABORATORIES 

1019-23  Appletree  St  Philadelphia  7,  Pa. 

■■wiiimHmiiHimniiinitnnmiiiiimimiMiinimiiiMiiMiWMMMifMMMMMHfui 

INSTRUMENTS 

Complete  repair,  rebuilding  services  on 
panel,  switchboard,  portable  indicating 
meters. 

Take  advantage  of  these  services  by  a 
company  equipped  to  turn  out  high  qual¬ 
ity  work. 

A  competent  staff  and  modem  labora¬ 
tory  ossure  dependable  and  continuous 
performance. 

Backed  by  20  years'  experience  in  the 
instrument  field. 

PREOISiON  ELECTRICAL  INSTRUMENT  CO. 

146  Grand  Street  New  York  13.  N.  Y. 


Selected  Government  Parts 
from  Wells'  Vast  Stock! 


A4ICRO  SWITCHES 

We  can  make  immediate  delivery  of  a  vride  variety 
of  Micro-Switches,  G.E.  Switchettes,  Aero,  C-H 
and  MU.  Prices  are  well  below  the  market.  List 
upon  request. 

VOLUME  CONTROLS 

Send  us  your  requirements  on  volume  controls.  Our 
stock  consists  of  the  most  popular  makes  in  values 
from  100  ohms  to  5  megohms.  New  list  ready. 

BATHTUB  CONDENSERS 

All  famous  makes  of  oil-filled  bathtub  condensers 
are  represented  in  our  huge  stock.  Single  and 
dual  types  range  from  .05  to  4  Mfd.  at  working 
voltages  from  200  to  600.  Write  or  wire  for  list. 

All  material  Is  guaranteed  to  be  of  top  quality 
and  our  prices  always  represent  definite  sav¬ 
ings.  Our  engineering  staff  Is  qualified  to  sug¬ 
gest  substitutions  It  necessary. 


4717-U  Madison  Street 


i/yc. 


HAZELTON  INSTRUMENT  CO. 

Electric  Meter  Laboratory 
Electrical  instruments,  Tube  Checkers 
end  Analyzers  repaired 
War  surplus  meters  converted  for  civilian  use. 

140  Liberty  St.,  New  York.  N.  Y. 
Tel.  BArclay  7-4239 


SLIDE  RULE  SHORT  CUTS 

Positive  Location  of  the  Decimal  Point. 
EASIER  AC  and  DC  calculations  QUICKER. 
6x9  inches;  decorative  cover;  12-pt.  type. 
Second  Edition— $1.  SO  postpaid 

W.  P.  MILLER 

536  "F"  Street,  San  Diego  1,  CoNfemla 


Will  Buy  or  Trade 
Any  Sixe 
PLAIN  ENAMEL 
MAGNET  WIRE 

NEW  ENGLAND  TRANSFORMER  CORP. 

47  McGrath  Highwoy^^^Scw^llln^  43,  Mom. 

iHMWiMiiMMtWNunimiinwiUHeMMMieeaHsusiimiiiiimmMSMMenMiHewetMMManBi 

WANTED 

[  To  purchase  or  license  patents 
j  on  patentable  ideas  on 
[  Tronsformers. 

I  Particularly  interested  in  ideas 
i  pertaining  to  Transformers  and 
j  reactors  for  use  with  fluores- 
{  cent  lamps. 

I  Advance  Transformer  Company 
1122  W.  Catolpa  Avenue 
Chicago  40,  Illinois 


mETERS 

-  AND  INSTRUMENTS 


voltaaeters 

AAAMETERS 
AAICIIO 
AMMETERS 
CHAAMETERS 
FREQ.  AACTERS 


9RIDGES  (Wheotslone) 
MEGOHMMETERS 
RHEOSTATS 
VARIABLE 
TRANSFORAAERS 
RaAYS 


ELECTRO-TECHf 


fl19  Lofay«H*  St..  N*w  York  13,  N.  Y.| 


FOR  SALE 

10 — IVb  KVA  Air  Cooled,  Com¬ 
pletely  enclosed  Transform¬ 
ers;  primary  220/440  Volts,  60 
cycles.  3  phase  (12  terminals); 
secondary  3240/5600  Y  volts 
with  taps  at  2440/4230  Y  volts 
(7  terminals  including  neutral). 
Dielectric  test  —  2000  volts 
from  primary  to  ground.  16000 
volts  minimum  from  second¬ 
ary  to  primary  and  secondary 
to  ground. 

Brand  new,  immediately  available, 
attractively  priced. 

MARCUS  TRANSFORMER  CO.,  INC. 

32-34  Montgomery  Street 
Hillside  5,  New  Jersey 


■  ,  i 
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NEW  CATHODE  RAY  TUBES  I 

Made  by  North  American  Philips  | 


Tube 

Type  Approx.  List 

Your  Colt 

3RPI  . 

. 15.00 . 

. 3.95 

3FP7  . 

. 27.00 . 

. 3.35 

SBPI  . 

. 20.00 . 

. 4.95 

SBP4  . 

. 27.00 . 

. 5.95 

5CPI 

. 45.00 . 

. 4.95 

5CP7  , 

. 40.00 . 

. 6.00 

SFP7  . 

. 32.00 . 

. 4.25 

5JP2  . 

. 40.00 . 

. 13.50 

HI  POWER  XMTR  TUBES 

•37  .. 

.  . 

.  2.00 . 

.  1.50 

872A  . 

.  7.50 . 

. 3.50 

TOSA  . 

.  22.50 . 

. 7.50 

24IB-WE 

.  05.00 . 

.....50.00 

•61  .. 

. 155.00 . 

. 95.00 

OHMITE  WIRE  WOUND  RHEOSTATS 

Model 

H 

250  Ohms  25  Watt.. 

. 98 

Model 

H 

125  Ohms  26  Watt.. 

. 98 

Model 

J 

1800  Ohms  60  Watt. 

.  1.25 

Model  K  3000  Ohms  100  Watt. 

.  1.98 

Model 

L 

260  Ohms  150  Watt. 

.  2.25 

Model 

L 

100  Ohms  160  Watt. 

.  2.25 

Model 

N 

22  Ohms  300  Watt. 

.  8.00 

Model  P  1200  Ohms  225  Watt. 

.  2.75 

Other  rating*  in  itock  In  ohmite. 

CIsrostate  and 

Oejer. 

Inquire— 

A.  C.  RELAYS 


DPDT  10a  contacts.  115v/60  cps.  coll 

Allied  . fl.79 

SPST  5a,  ac:  115v  cont.  115v/60  cps. .  1.49 

SPDT  contacts;  6a  coll  rated  11 5v/ 

60c .  1.89 

DPDT  115v/6Cc.  cont.  rating  5a  @ 

BOy .  1.69 

DPST  Telephone  type;  2p.  1  cl;  1 
open;  cont.  rating.  .5a  @  50v,  coll 
rating  3.5  ma  (@  12K  ohms)  1000 

vac  .  1.06 

DPDT  Steatite  Insulated  lOA  Silvered 

Contacts.  Made  by  Deach .  1,95 


SPECIAL  ITEMS 

visors  for  5  Inch  ’scopes .  $.75 

Broadcast  band  Push-button  tuning 
units  inductive,  capacitive  types..  *.98 
Swinging  cheke:  2.5Hy  @  375  ma; 

10  hy  @  76  ma . @  3.95 

Mallory  500  mf  @  200  vdc  in  Bake- 

lite  case .  1.95 

Cardwell  Split-Stator  type  PK-200- 
QD.  200-30  mmf  per  section.  Spe¬ 
cial  Hl-Volt  with  ,2"  spacing . 9.95 

Johnson  type  500D35.  500-35  mmf. 

.08"  spacing.  (Listed  at  11.75)....  4.75 
Antenna  loading  coil.  Heavy  duty 


with  six  (6)  variable  taps.  6%"  x 

4%"  dla .  2.95 

Band  generator  type  GN-46B.  Out¬ 
put:  6v-3a/500v-.14a  rated  speed 

60  cps .  5.95 

Matched  pair  precision  resistors  6.33 
megs .  1.50 


POWER  SUPPLY  for  LM-IS  freq.  meter. 

Output:  290t  @  20  ma:  13t  @  600  ms. 

Input:  105-125V  @  60  cps;  260  ma;  27.6  W. 
with  t>'pe  84  reectifler  tube;  shock  moiuited. 
Complete  with  input  and  output  plui;.s.  .$14.75 


H  l-VOLT  plate 
transform  e  r , 

made  by  Amer- 
tran  115T-eO  cycle 
input.  Secondary 
is  6200v-ct-700 

m.a . $39.95 

6  HY.  700  M.A. 


All  merchandise  fuaranteed.  Mail  orders  promptly 
filled.  All  prices  F.O.B.  New  York  City.  Send  Money 
Order  or  Check.  Shippinp  charges  sent  C.O.D. 

SEND  FOR  FLYER 

COMMUNICATIONS 
EQUIPMENT  CO. 

131E  Liberty  St.,  New  York  7,  N.  Y. 

Tsisphoae  WH  4-7658 


MICRO  WAVE 
- EQUIPMENT 


MA6NETR0NSII 
Wottinghouss  typ* 
2J32  (JAN.)  just 
released.  This  Is 
the  first  large  lot 
of  MAGNETRONS 
to  flow  into  the 
civilian  market! 
The  2J32  Is  de¬ 
signed  for  10  cm. 
operation.  Rated 
at  300  kw  paak  pulse  power.  Complete  In¬ 
formation  supplied.  Brand  new,  packed  in 
individual  protactiva  cartons.  The  2J32  Is 

fisted  at  $200.  OUR  PRICE . $25.50 

3J31  I  CM  MAGNETRONS  just  received. 

OUB  PRICE . $20.00 

KLYSTRON  oscillator  tubes.  2K25/723-ab.  de¬ 
signed  for  3  cm.  operation.  New.  Packed  indi¬ 
vidually.  listed  at  $38.00. 

OUB  PRICE  . $7.75 

30  MC  I.F.  AMPLIFIER  with  2-6AC7’8.  Uses 
723  a/b.  3  CM  wave  guide  input.  21  IN  XTAL 

Detector  with  6AC7  Tubes . $10.00 

Thermistor  Beads,  for  use  with  UHF  and  Micro- 
Wave  Equipment,  list  @  $3.00;  in  separate  sealed 

containers  D-170396  .  (d  .95  each 

3  CM  WAVE  GUIDE  SECTIONS 
I  B24  T-R  tubes  for  1  Cm.  Unit  in  stock. 

Silver  Plated  Directional  Couplers  with  a  20  DB 
drop  with: 

A.  Straight  Wave  Ouide  section  6"  long...®  $3.95 

B.  15'*  bend  in  wave  guide  15' . @  5.90 

C.  30°  bend  in  wave  guide  10'  long . @  4.75 

D.  90°  bend  in  wave  guide  15*  long  also 

90°  bend  in  coupler . ®  6.50 

A.  Six  inch  seotien  sliver  plated  wave 

guide  with  90°  twist . @  2.95 

B.  2'A  foot  silver  plated  with  90°  bend  (2* 

radius)  . ®  5.50 

C.  150°  bend,  with  90°  twist  3^'  radius 

with  pressurizing  nipple  and  coax 
coupler  . @  3.95 

All  merchandise  gueranteeed.  Mall  orders  promptly 
filled.  All  prices  F.O.B.  New  York  City.  Send  Money 
Order  of  Check.  Shipping  charges  sent  C.O.D. 

COMMUNICATIONS 
EQUIPMENT  CO. 

131  E.  Liberty  St..  New  York  City  7,  N.  Y. 
Send  for  Plyor  Tel.  WH  4-7658 


REMLER 

Ag^nt  for 

WAR  ASSETS 
ADMINISTRATION 

(Under  Contraa  No.  59A-3-48) 

.  .  .  to  handles  and  sells  a 
wide  variety  of 

ELECTRONIC 

EQUIPMENT 

released  for  civilian  use 


I 

I 


I 


Write  for  Bulletin  Z-IA 

REMLER  COMPANY  LTD. 

2117  Bryant  St.  San  Francisco  10,  Calif. 


REMLER 

Since  1918 

Pioneers  in  Elearonics  and  Plastics 


s  : 

I  New  Incomplete  | 

i  Nayy  Oax  I 
I  Sonar  Units  I 


I  Each  unit  consists  of  the  following: 

I  I — 4"  Jensen  PM4S  Speaker 

I  I — Power  Transformer,  1 15  volt  60  [ 
cycle  input,  output  315-0-315  | 
volts  at  70  MA,  6.3  volts  cen-  | 
ter  tapped  at  3.5  ampere,  5  | 
volt  at  3  ampere  I 

I  I — Single  variable  condenser,  312  | 
MMF  with  clock  wise  increase  | 

I  characteristics 

I  I — Input  Transformer 

I  I — Output  Transformer 

I  I — Crowe  4"  Dial 

I  I — National  Vernier  Drive 

I  I — IRC  Attenuator,  100,000  im-  | 

pedance  3  DB  per  step  to  57  f 
DB,  Type  B-3IP 

I  9 — Octal  Sockets  I 

I  2 — 2"  Skirted  knobs  | 

I — DPST  Toggel  Switch  I 

I  I — 3  deck,  2  pole,  5  position  each  | 
I  wafer  switch.  | 

I  I — Fuse  post 

I  The  unit  was  designed  to  use  f 
j  I.6SJ7;  l,6SN76T;  l,6U66T; 

I  I-5Y36T;  l,UR-l50/30 

NO  TUBES  SUPPLIED 
V/ITH  UNIT 

I  Has  a  large  quantity  of  assorted 
I  resistors,  mica  condensers,  bathtub 
I  condensers,  potentiometer,  con- 
I  nectors,  etc. 

Priced  at 

ONLY  $7.50  F.O.B.,  N.  Y.  C. 

I  MARITIME  SWITCHBOARD 

336  ComI  Street  New  York  13,  N.  T. 
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®  SEARCHLIGHT  SECTION 


SURPLUS  NEW  METERS 


D.  C.  METERS 

MICROAMMETERS,  GALVONOMETERS 

McCIintock,  square,  0-50  ua 

mvt.,  spec,  scale . $4.50 

Gruen,  0-100  ua  mvt.,  Black 

scale  with  markings  — 8  to  +6 
DBM  and  0-100,  2000  ohms  resist.S3.50 
Weston,  506,  2^^",  0-150  microamp 

Black  scale  . $3.95 

Marion,  2^",  200  microamp  un¬ 
damped  mvt,  spec,  sc . $3.50 

Marion,  354",  0-200  ua  68  ohms  re¬ 
sistance,  undamped  mvt . $4.95 


G.  E..  DO-41.  SVa”. 
200  MICROAMP  Mvt., 
SPEC.  SC.  KNIFE 
EDGE  POINTER. 
COMP.  WITH  PAPER 
V-O.M.A. 

SCALE  . $6.00 


W.E.,  354",  concentric  style,  0-200 

microamp  . $4.00 

G.E.,  DO-41,  354",  0-500  microamp 
mvt.  scale  20  K.V.,  comp  with 

paper  V-O-M-A.  scale . $4.95 

G.E.,  DW-55,  254",  0-500  microamp 

scale  0-10  . $3.95 

Simpson,  125,  254",  0-500  microamp 
scale  0-15,  0-600  volts . $3.50 


D.  C.  MIUIAMMETERS 

W.H.,  RX-35,  354"  square,  0-1  M.A., 

55  ohms,  internal  resistance,  com¬ 
plete  with  paper  V-O-M.A.  scale. $4. 95 

G.E.,  DW-41,  254",  1  M.A . $3.95 

G.E.,  DO-40,  3"  ring  mtd,  2.5-0-2.5 
k  25-0-25  M.A.,  dual  range,  zero 

center  . $1.95 

Gruen,  254",  3  M.A.  movement  scale 

0-30,  450  k  300  volts  M.A . $2.00 

Simpson  25,  354",  5  M.A.  move¬ 
ment  Zero  Right  Scale — 6  to  100 
caption  “DB”  above  1  Microvolt. $3. 00 

Simpson  26,  354",  0-15  M.A . $4.50 

G.E.,  DO-53,  354"  square,  20  M.A..$4.95 

Simpson  354",  0-200  M.A . $4.50 

Marion,  354",  0-200  M.A . $3.00 

Burlington,  354",  0-200  M.A . $2.75 

Dejur  Amsco,  354",  0-100  M.A _ $3.00 

Weston  354",  0-1000  M.A . $4.50 

D.C.  VOLTMETERS  &  KILOVOLT 
METERS 


G.E.,  DW.41. 
2V2".  15  VOLT 
BLACKSCALE, 

15  MARKINGS, 

NO  CAPTION.. $2.50 


W.H.,  SX-33,  254^  Sur.  Mtd.,  3-03 

V,  200  r/v . $1.25 

Western  Electric,  354",  Concentric 
Style,  0-75  volt  D.C.,  1000  r/v... $3. 00 

Gruen,  254",  150  volt . $3.50 

W.H.,  NX-35,  354",  0-200  V,  1000 
r/v  . $5.50 


W.H.,  NX-35,  354",  0-200  V,  1000 
r/v  mtd  on  45  degree  metal  angle 

panel  . $6.00 

W.E.,  354",  500  volt,  1000  r/v  Con¬ 
centric  Style . $5.00 

Weston  301,  354",  0-4  KV  with  ext 

prec  resist  . $7.95 

W.H.,  NX-35,  354",  15  K.V.  comp, 
with  1000  r/v  ext  prec  resist 

L.P . $160.00 

Your  Cost . $16.00 

W.H.,  NX-35,  354",  20  K.V.  comp 
with  100  r/v  ext  prec  resist  L.P.$210.00 

Your  cost . $21.00 

D.C.  AMMETERS 

Triplett,  354",  0-15  amp . $4.00 

Weston  506,  254",  200  amp.  with 

ext  shunt . $9.50 

G.E.,  DO-41,  354",  200  amp.  with 
ext  shunt . $12.50 

RADIO  FREQUENCY  AMMETERS 

Weston  425,  354",  0-500  M.A.  R.F..$7.50 
G.E.,  DW-44,  254",  0-1  A.R.F.. 

Black  scale . $3.50 

Weston  425,  354",  0-1  Amp  R.F....$7.50 

G.E.,  DO-44,  354",  1.5  Amp . $6.50 

Weston  507,  254",  0-1.5  A.R.F.  Black 

scale.  Metal  case . $2.95 

Weston  507,  254",  3  Amp  bk  sc.... $3. 50 
Simpson  254",  3  Amp,  expanded  at 

lower  part  of  scale . $3.50 

Weston  640,  454",  Surf  Mtd,  0-3 
A.R.F . $9.50 

A.C.  VOLTMETERS 

G.E.,  AW-42,  254",  0-10  V.A.C. . .  .$3.95 
G.E.,  AO-22,  354",  1000  cycle,  50 
volts,  mtd  on  metal  angle  bracket 

with  6'  Tyrex  leads  k  clips . $2.50 

G.E.,  AO-22,  354",  150  volt . $5.50 

G.E.,  AO-22,  354",  0-150  V.A.C. 

black  scale  . $3.50 

W.H.,  NA-35,  354",  150  volt . $5.50 

Triplett  332,  JP,  3^",  0-150  V.A.C. 

metal  case  . $4.50 

Triplett  232,  254",  250  volt . $4.95 

A.C.  AMMETERS 

Vy.H.,  NA-35,  354",  0-50  amp.  A.C.$4.50 
Simpson,  54"  square  case  60  amp 

Triplett!  3*^",  6-75  Amps  A.C . $3.50 

G.E.,  AO-22.  354",  80  Amp  S.C . $3.50 

AIRCRAFT  METERS 

G.E.,  2J4",  Aircraft  type,  0-30  Amps. 

D.C.  black  scale,  luminous  mkgs 

with  internal  shunt . $1.50 

G.E.,  254",  Aircraft  type,  0-60  Amps. 

D.C.  black  scale,  luminous  mkgs 

with  external  shunt . $2.25 

G.E.,  254",  Aircraft  type,  0-60  Amps 
k  0-30  Volts  D.C.  black  scale, 
luminous  mkgs  with  external  shunt.$3.00 
G.E.,  254",  Aircraft  type,  0-120 
Amps  D.C.  black  scale,  luminous 

mkgs  with  external  shupt . $2.75 

W.H.,  254",  Aircraft  type,  0-30  volt 
D.C.  bk.  sc.  lum  mkgs,  5  M.A. 
movement  6000  ohm  resist . $1.25 


W.H.,  254  ,  Aircraft  type,  0-150 
volt  A.C.  bk  sc  lum  mkgs,  suitable 
for  use  from  25  to  125  cycles. ..  .$1 . 50 


PORTABLE 

A.C. 

AMMETERS 
Surplus  New 
WESTON 
MODEL  528 


DUAL  RANGE  0-3  Amp.  and  0-15 
.Amp.  full  scale  for  use  on  any  fre¬ 
quency  from  25  to  500  cycles.  The 
ideal  instrument  for  all  commer¬ 
cial,  industrial,  experimental, 
home,  radio,  motor  and  general 
repair  shop  testing.  Comes  com¬ 
plete  with  a  genuine  leather, 
plushlined  carrying  case  and  a 
pair  of  test  leads.  A  very  con¬ 
venient  pocket  sized  test  meter 
priced  at  less  than  50%  of  manu¬ 
facturers  list.  Your  cost  ONLY. $12. 50 

SPECIAL  METERS 

Weston  301,  Power  Level  Indicator, 

625  Microamp  1.2  volt  A.C.  mvt, 

self  cont  rect,  blank  sc . $6.00 

Weston  301,  3^^",  0-150  V.A.C. 

Rectifier  Type,  1000  r/v  A.C....$6.50 
Weston  705,  Sensitrol  relay  100  mi¬ 
croamp,  Solennoid  reset,  S.P. 

norm  closed  . $7.50 

G.E..,  miniature,  154"  square,  1  M.A. 

100  ohm  mvt,  10  divis  sc,  bk  sc.. $2. 75 
G.E.,  DW-46,  254"  DB-10+5,  6 
M.W.  600  ohms  zero  DB=1.90 

volts  . ^$4.50 

G.E.,  Totalizing  hour  meter,  354" 

5  Digits,  99,999  hrs.  115  volt  60 

cycle  . $4.95 

J.B.T.,  354",  Frequency  Meter,  58-62 

cycle,  5  reed . $4.00 

J.B.T.,  Type  33FP  Portable  Fre¬ 
quency  Meter,  380-420  cycles,  100- 
130  volts,  9  vibrating  reeds,  com¬ 
plete  with  leather  case  k  test  lead8.$9.00 
Marion,  254",  ring  mtd  “S”  meter 
made  for  National  Co.  1  M.A.  mvt 
scale  “1-9  S  units  0-40  D.B.  above 

S  9” . $3.50 

Roller  Smith,  miniature,  1^^"  sq  1.37 

M.A.  mvt,  spec  bk  sc . ^ . $2.50 

Roller  Smith,  miniature,  154"  sq  2 
M.A.  mvt,  with  7!  lead  k  plug 
jack  0-10  div  sc . $2.50 

PRECISION  RESISTORS 

±1%  Accuracy-Wire-Wound-1  M. 

A.,  Weston,  G.E.,  1  R  C  on  Sprague 
1.0  Meg  1  KV . $1.50 

1.5  Meg  1.5  KV . $2.00 

2.5  Meg  2.5  KV . $2.50 

5.0  Meg  5.0  KV . $5.00 

20.0  Meg  20.0  KV . $16.50 


Ail  meters  are  tvhite  scale  in  rounds  flush,  bakelite  cases,  unless  specified  otherwise. 
Add  sufficient  money  on  parcel  post  orders,  excess  will  be  refunded. 


MARITIME  SWITCHBOARD 


Worth.  4-8217.  3.*l«  C  anal  St.,  Y.  13,  Y.  Y. 
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4.95 


TAB 

That's  A  Buy 

NEW  GUARANTEED  PARTS 

SOLA  constant  V  transf  95  to  I25V-250VA/60  cy 

„(W2)  . $19.00 

Buts  4l  Littlefusos  3AG/250ma(LP25c)  48  for..  1.00 

WE  2U0  microampt  3>/2'  Rd  Bkl  cate  (21) .  4.95 

SIMPSON  one  ma  3', a'  Rd  Bkl  case .  3.95 

WESTGHSE  AN  IND  DUAL  200  microamp 

MTR  ($70) .  4.50 

WESTON— GE— 10  plus  6DB  500/600  ohmL. . .  3.95 

WESTON  476  Sq  3'  B’Case  15V AC  ($10) .  4.25 

WESTON  506  Rd  2'/a*  B’Case  250ma  ($8.50) . . .  3.00 
WESTON — GE  or  eq.  0-1  ma  2'/2'  meter  ($10) 

GE  One  ma/IOOohmt  DNI  Miniature  I'/a'  mtr.. 

GE  2.5  A.  25  ma  zero  ctr  Galvo  0040  B’Cate.. 
WSTGHSE  Six  digit  elapsed  Time  Indicator 

GE.DW4l‘.'2',V*'  B’C  2obbv/i666  olimVv  &  MuV- 

tlplier  . $  8.95 

GE-W044-2'/2‘'  B’C  one  Amp  RF  meter .  3.95 

Friez  Barometric  14000  ohm  Var  resist 

?rAS500045  . 97 

Transformer  500  ohm  line  to  Voice  Coil  6  ohms  1.40 
Transf  Line  to  Line  500.  333.  250.  200.  125. 

50  ohms  zt  I  OB .  1.95 

Condtr  0.5  mfd  600WVDC  Bathtub  5  for .  1.00 

Condtr  I0mfd/600WVDC  (2/2.5mfd&5mfd) 

„  2  for  .  2.50 

Condrt  20mfd/600WVDC  (l•2-3•4•5•8mfd)  2 

^*or  .  5.00 

Condtr  3mfd/330VAC/l000WVDC:  2  for .  2.50 

Condtr  2mfd/2000WVDC  WACO:  2  for .  4.25 

Conder  3mfd/3000WVDC  2  for .  5  00 

Condtr  l5mfd/330VAC/IOOOWVOC  GE/PYR..  2.95 

Condtr  30mfd/660VAC  (2  or  3  units)  .  8.10 

Condtr  2mfd/5500WVDC  WSTGHSE .  10.00 

Condtr  0.5mfd/l500WVDC/TLA  upright  2  for. .  1.15 

Condsr  oil  2mfd/600WVDC  TLA  2  for . 79 

Condsr  oil  2mfd/l2500WVDC  WSTGHSE _ 25.00 

Condsr  oil  lmfd/25000WVOC  WSTGHSE  _ 75.00 

Collins  6Hy/l.2amp/l2500VMrkg  Cased  CHT...  16.00 
Socket  CINCH  Oisheptai  ($5.90)  mica  B . 49 

WESTON  MODEL  796 

Portable  Insulation  tester  &  megger 


N«w  NAVY  farmiiKitioa.  Tnts  Imulotiou  it 
mistanc*  up  to  200  mogohim,  fost  potMtlol 
350  to  500  VDC.  Rosistoaco  0-20-200  meg¬ 
ohms  .5  A  5  megohms  CMter  scale.  4"  sq. 
50  micromampmtr  less  batteries,  test  lea« 
A  carrying  case  (LI^IOO)  $14.95  with  carry- 
case  S24,75:  Parts  for  500  V-AC  supply 

WE  I6mfd/400WVDC  oil  2  for . $  2.35 

16  ft.  Ext  cord  hvy  duty  SJ  M^e  A  Fern  plugs  1.00 
Millen  12515  Condtr  Var  I50mfd/3000V  A  W.L. 

Retis.  plaque  N.l .  I.PS 

Dynamic  mike  A  Transf  complete  new .  1.95 

IRC  WW  I00000ohm/40watt  .65  ea.  2  for .  1.00 

WE  Crystals  IN22,  23.  26  four .  IJM 

RCA  808  new  S.C.  (L.P.7.75)  2  for .  5.00 

829B/3E29  new  gtd  A  socket .  4.50 

872A  new  gtd  A  sockets  2  for .  5.75 

GE  446A/2C40  RCA  Lighthousd  tube  ($11)....  6.95 

6AK5  JAN  new  (LP$4).  1.25.  2  fer .  2.00 

TBY  Vibrapack  A  storage  battery  new .  9.95 

Condsr  kit  qty  silver  mica;  50  for .  2.00 

Condtr  kit  100  BTVt  A  IW;  50  to  2  meg .  2.50 

Control  Kit  type  ABJ;  50  to  2  meg:  10  for .  2.50 

Kurman  lOOOko  Hummer  op  6-8V  ($9) . 97 

Collins  transformer  mfged  Chicago  Transf  Co.  Pri 
56/60  cy.  105.  116.  115.  120.  125V  inpt;  See.  ilOO 
V()T/2i2ma  cased  A  Two  I0hy/250ma/l60ohm  GE 
chokes  A  Two  3mfd/330VAC  lOOOVDC  Pyranol 

condtrs  Gt’d  new  worth  $40 . $9.50 

Same  but  primary  II5VA230V50/60  cy . $10.50 

II5V/60  cy  pri;  2.50V/I.79A  6.5V/8A,  5V/3A.  6.5V 

/.6  A  RK60  . $4.50 

RAYTHEON  cased  840VCT/I lOma.  530VCT/2ima. 
5V/3A,  5V/3A.  6.3V/IA.  6.3V/6A.  il$V/60  cy 
pri  A  Two  lOhy  llOma  hermet’  cased  chokes  A 

oil  condsr.  2/2.5mfd  A  5mfd  . $5.95 

Cased  Hermatically  sealed  transformer  pri  50/800 
cyt-106/125  A  80V  Sec  lOOOVCT  A  300/1  lOma. 
6.3V/4.5V,  5/3A.  6.3V/.65A.  6.3V/.65.  6.3/1.25- 
A  A  two  cased  H’sealed  lOhy./IIOma  Chokes  A 
two  condsr.  3mfd/330VAC/IOOOVDC  Pyranel..$7.95 
Thermador  cased  SC  Rated  cont.  3800VCT/6KW/2.7 
Amps  Primary  200.  210.  220.  230.  240.  440.  50/ 

60  cys  ($365)  . $45.00 

GE  line  trans.  200V/$0/60cyt.  sec  1 17/1 12/103/93 

V.7  Amp  . $20.00 

$2  Min.  order  FOB  N.Y.C.  Add  Pottage  all  orders 
and  25%  deposit.  WHItehall  3-3557.  Send  for  cata¬ 
log  300.  Specialists  in  International  Export.  School. 
College  A  Industrial  trade.  Money  Back  Guarantee. 

"TAB."  Dept.  E  12 

SIX  CHURCH  STREET  NEW  YORK  6.  N.  Y. 
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SPECIAL  BUY  IN 

TRANSFORMERS 

PLATE  TRANSFORMER 

Value 

$150 


Immediate 

Delivery 


6200  Volt  CT— 700  mils.  110  V.  60  Cy.  tapped 
primary  2  KVA  Amertran.  size  ll'xll'xlO'. 
Weight  150  lbs.  Freight  prepaid  to  any  part  of  the 
Continental  U.S.A. 

We  also  carry  a  complete  line  of  electronic  and 
communication  equipment.  Send  money  order  or 
check.  Write  for  our  latest  bulletin  I  B. 

Write  or  Wire  to 

NIAGARA  RADIO  SUPPLY  CORP. 

140  Greenwich  Si.,  New  York,  N.  Y. 
BOwlIngreen  9-7993 

eMI9Mg9NgHIMMI$»itt(i.ttmHttit|iMese*segMllligilM(llligMeMs«limillHMItllUI99iM999iMij9 
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I  Available  Immediately  | 

NOT  WAR  SURPLUS 

I  3  sfanir  Variable  Condensers —  | 

I  Radio  Condenser  Co.  | 

I  AM  Section — Total  Capacity — 378  nunf.  | 

I  Minimum  Capacity — 10.8  mmf.  I 

I  RM  Section — Total  Capacity — 25  mmf.  | 

I  Minimum  Capacity — 7.8  mmf.  I 

I  Quantity  2880 — $2.50  each  I 

I  Type  7AG7  Tubes — Sylvania  | 

I  Quantity  9600 — $0.57  plus  tax  | 

I  Loctal  Sockets — Amphenol  88-8XT  f 

I  Quantity  14.900 — $0.05  each  | 

s  i 

BROWNING  LABORATORIES,  INC. 

I  WINCHESTER,  MASS. 
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AVAILABLE  IMMEDIATELY 

1 — 20  kw  Westinghouse  High  Fre¬ 
quency  Heating  Equipment  (R.  F. 
Generator).  Standard  design.  Power 
supply  unit  identical  to  that  used  in 
Dielectric  Heating,  Radio  Broadcast, 
Induction  Heating.  Practically  new 
equipment — used  very  little.  For  com¬ 
plete  details  write — F.  V.  Drake,  Pur¬ 
chasing  Agent. 

COLUMBIAN  ROPE  COMPANY 
Ganoso*  Street  Aubiira,  Naw  York 


SURPLUS 
EQUIPMENT  SALE 

Ferria  model  18B  microToltar,  20-150 

megacyclea.  in  good  order . $125.00 

RCA  beat  frequency  audio  oscilla¬ 
tor,  30-15000  cps,  in  good  order..  $40.00 
Measurements  model  78B,  RJP.,  Sig¬ 
nal  generator,  2  bonds,  good 

working  order  .  $45.00 

3"  Radar  indicator  scope,  ID-93/ 

APG-13A  complete  with  3  BPl 
and  9  tubes,  black  crockle  finish 

case,  new,  115V,  400  Cps .  $25.00 

Radar  receirer  BC  1068,  range  150- 
205  me,  14  tubes,  115V,  60  cps...  $35.00 
Radar  receiver  BC  406,  205  me,  15 

tubes,  115V,  60  cps .  $25.00 

GE  pyranol  capacitors: 

1  mid.  15000  WVDC  $25.00 

2  mfd,  4000  "  5.00 

.15  mid,  4000  "  1-50 

.05  mid,  2500  "  .75 

Button  silyer  micas,  50,  400.  500  » 

micro-microiarad,  500  V,  dc...lO0  each 
IN  23  B  diode  crystals . 70^  each 

ELECTRO-IMPULSE  LABS. 

SHREWSBURY,  NEW  JERSEY 
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SPECIALS  IN  TUBES 

IMMEDIATE  DELIVERY 


6AC7 

2x2 

956 


8011 

955 

6B4G 


5BP1 


Alto  large  supply  of  other  tubes. 

All  tubes  new  and  individually  boxed — 

JAN 

Available  in  large  quantities.  Prices  upon 
request. 

Write  or  Wire  to 

D  &  D  SUPPLY  COMPANY 

254  E.  54th  St.  Brooklyn  3.  N.  Y. 


Phone:  Dickens  2-4385 
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TEST  EQUIPMENT  FOR  SALE 

standard  Instrument  Inerementsi  Bridget  Model 
#5(X).  For  measuring  iron  core  inductances  from 
I  to  500  volts  at  400  cycles.  Cslibrsted  from  .05 
to  100  henries  D.C.  load  current  variable  from 
0  to  500  ma  DC.  Complete  with  inttructiont — 

At  tscrifloo  price. 

GENERAL  TRANSFORMER  CORPORATION 

1250  West  Van  Buren  St.  Chicago  7.  III. 

Chesapeake — 3500 
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BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

Equipment  for  the  manufacture  of  all  kinds  of 
electron  tubes,  radio  tubes.  Incandescent  lamiM. 
neon  tubes,  photo  electric  cells.  X-ray  tubes,  etc. 

AMERICAN  ELECTRICAL  SALES  CO..  Inc.  ! 


4S-47  Eosf  ifk  Sf. 


Hem  York,  N.  Y 


Delivery 

vs. 

Delay 

Knowing  where 

to  find  some  specific 
material,  part  or  in¬ 
strument  may  be  the 
difference  between 
DELIVERY  and  DE¬ 
LAY.  If  the  advertise¬ 
ments  in  this  issue  do 
not  cover  your  re¬ 
quirements,  write 

ELECTRONICS 
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sharp,  clean-cut  facsimile  perform¬ 
ance  of  MICRODYNE  —  regardless  I 
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ACCEPTABILITY  is  the  final  | 
criterion.  ! 
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High-vacuum  systems,  gas  locator.  .June 
Horseshoes  made*  by  electronic  smithy. 

Oct. 

Humidity  and  temperature  recorder-con¬ 
troller  Hauck,  Sturm  &  Colt . Sept. 
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Modulation  in  new  system,  grid  and 

plate  . May 

Modulation  of  electron  flow,  mechanical. 

July 

Moisture  testing  of  granular  material.  J. 

H.  Jupe  . May 

Motor  control,  unsoldered  connections 

for  . June 

Motors,  synchronizing  electric  ....Jan. 

Movie  of  a  movie . Dec. 

Multicarrier  communication  . Sept. 

Multivibrator  circuits.  N.  W.  Mather. 

Oct. 


Navigation  system  for  ships  and  planes. 

Decca  . Sept.  *174 

Nerve  stimulator.  W.  I.  Weiss . Feb.  *155 

Networks,  wideband  phase  shift.  R.  B. 

Dome  . Dec.  *112 

Noise  and  output  limiters.  Emerick  Toth. 

pt.  1,  Nov.  *114;  pt.  2,  Dec,  *120 
Nonlinear  circuit  element  applications. 

H.  E.  Kallmann . Aug.  *130 


Oscillator,  bimodal.  Samuel  Lubkin.Feb.  *242 
Oscillator  circuits,  cavity.  A.  M.  Gure- 

witsch  . Feb.  *135 

Oscillator,  thermistor-regulated  low-fre¬ 
quency.  Lawrence  Fleming  . Oct.  *97 

Oscillator,  two-terminal.  M.  G.  Crosby 

May  *136 

Oscillograph,  high  speed.  N.  Rohats.Apr.  *135 
Oscilloscope  for  television  stations,  test. 

Brolly  &  Brock  . Nov.  *120 


Panoramic  receivers,  alarm  systems  for. 

W.  A.  Anderson  . July 

Patents  . May  228,  Aug. 

Patent  puzzle.  Col.  D.  K.  Lippincott.May 
Pen,  electrodynamic  direct-inking.  H.  B. 

Shaper  . Mar. 

Pentagrids — new  uses.  A.  H.  Taylor.... 

Dec. 

Phase-shifter  nomograph.  R.  E.  Lafferty. 

May 

Phasitron  frequency  modulation  transmit¬ 
ter.  Bailey  &  Thomas . Oct. 

Phonograph,  high-fidelity  . Dec. 

Phonograph  record  noise,  dynamic  sup¬ 
pression  of.  H.  H.  Scott . Dec. 

Photometer,  logarithmic.  M.  H.  Sw'eet. 

Nov. 

Photosensitive  cells,  cooling.  E.  F.  Cole¬ 
man  . June 

Phototube  sees  x-rays . Nov. 

Pickup,  carbon  phonograph.  Kaufman  & 

Kaufman  . Sept. 

Pickup,  improved  modulated-oscillator. 

Henry  Kalmus  . July 

Pickup  with  low  mechanical  impedance. 

H.  P.  Kalmus . Jan. 

Pilot  guides  ships,  auxiliary.  J.  H.  Jupe. 

Aug. 

Power  supplies,  multi-voltage  regulated. 

J.  R.  Mentzer . Sept. 

Power  supplies,  rotary  converter  for 

portable  . Aug. 

Printing,  photoelectric  controls  for  color. 

Robins  &  Varden . June 

Production  control  with  2,000,000-volt 

x-rays.  David  Goodman . Feb. 

Production  research  . Sept. 

Proximity  fuze  for  artillery,  Harner 

Selvidge  . Feb. 

Proximity  fuze,  radio.  Herbert  Trotter, 

Jr . Jan. 

Proximity  fuze  tubes.  M.  A.  Acheson. 

Jan. 

Pulse  characteristics,  measuring.  Allan 

Easton  . Feb. 

Pulse  communication.  C.  W.  Hansell. 

June 

Pulse-modulated  radio  relay  equipment. 

J.  J.  Kelleher  . Mav 

Pulse  modulating  system.  W.  R.  Greer. 

Sept. 

Pulse  time  modulation  circuits . Nov. 

Pulse  transmission  in  amplifiers.  A.  E. 

Newlon  . Oct. 

Punch  press  protector.  John  Isaacs. Dec. 


Queen  Elizabeth— electronics  on  world's 

largest  liner  . Dec.  *84 

*  Illustrated 


Radar  countermeasures  . 

Radar  echoes  from  the  moon.  JacK 

Mofenson  . .....Apr. 

Radar  for  blind  bombing.  Holdam,  Mc¬ 
Grath  &  Cole,  pt.  1,  May  *136;  pt.  2, 

June  • 

Radar  for  carrier-based  planes. 

Barnes  . .Oct. 

Radar  for  weather  man . . . June 

Radar,  future  of.  L.  A.  Du  Bridge.. Jan. 

Radar-guided  bomb  . f  *  •.' v;  *  , 

Radar  increases  safety  of  night  boat. 

Apr.  ' 

Radar,  the  MPG-1.  H.  A.  Strauss  & 

others . Jan.  *110;  Mar. 

Radar,  micro w’ave.  D.  G.  Fink . Jan. 

Radar  on  50  centimeters.  Zahl  &  Mar- 

chettl,  Jan.  *98 . ........Feb. 

Radar  and  radio  direction-finding  sets 
for  weather  forecasting.  H.  B.  Brooks. 

Oct. 

Radar,  rotary  wave.  Walter  van  B. 

Roberts  . 

Radar,  SCR-584  . Feb. 

Radar  target,  artificial . r  eb. 

Radarange  for  cooking . .....Nov. 

Radio  control  systems  for  guided  mis¬ 
siles.  Ackerman  &  Rappaport. .  .Dec. 
Radio  design  data  presented  in  Chicago. 

Apr. 

Radio  remote  control,  continuously  vari¬ 
able.  D.  W.  Moore,  Jr . Nov. 

Radio,  two-way,  for  power  line  crews. 

Nov. 

Radiolocation,  evolution  of . O^. 

Railroad  radio  •  •  -  from  FCC  to  ICC. 

Jeremiah  Courtney  . June 

Receiver  design,  modern  home.  Z. 

Benin  . 

Receiver  for  comparison  tests,  f-m  and 

a-m.  W.  F.  Frankart . July 

Receiver  measurements,  vhf.  Gordon  & 

George  . June 

Receiver  output  circuit,  midget.  W.  R. 

Koch  . June 

Record -selection  system,  remote.  F.  M. 

Berry  . June 

Recording  CAA  traffic  control  Instruc¬ 
tions.  K.  M.  Macllvain . May 

Recording  on  magnetic  wire,  high  qual¬ 
ity  sound.  L.  C.  Holmes . Jan. 

Recording,  progress  in  magnetic. ..  .Aug. 
Recording  the  war  trials  In  four  lan¬ 
guages  . May 

Rectifier,  capacitor  charging.  H.  J. 

Bichsel  . Jan. 

Rectifiers,  grid-controlled,  for  r-f  heat¬ 
ing.  Bruce  Boyd . Oct. 

Rectifiers,  reduced  harmonic  voltage 

across.  Mendel  Osmos . Feb. 

Rectifier  wave-form  control.  G.  B.  Ha¬ 
gen  . Sept. 

Relativity  . Oct. 

Resin  adhesives  for  r-f  heating . Dec. 

Resnatron.  W.  W.  Salisbury . Feb. 

Resonant  circuit  . Sept. 

Return  trace,  speeding  up  the.  A.  H, 

Taylor  . Nov. 

Rubber  preheater.  Mittelmann  &  Bos- 
omworth  . Mar. 


Seals,  r-f  soldering  of  metal-to-glass. 

R.  A.  Ammon . Mar.  ' 

Servo  motor.  D.  W.  Moore,  Jr . Nov. 

Shutter-testers.  R.  F.  Redemske. .  .Feb. 

Sight,  electronic  night . June 

Sight  for  solar  telescope,  photoelectric. 

W.  O.  Roberts . June 

Signal  generator  design,  frequency-mod¬ 
ulation.  Hill  &  Crosby . Nov. 

Signal-to-noise  ratios,  theoretical.  J.  E. 

Smith  . June 

Skiatron  . Oct. 

Sniperscope  and  Snooperscope . June 

Soap  dispenser  for  dish-washing. . .  .Oct. 
Society  of  Motion  Picture  Engineers  con¬ 
ference  . July 

Soldering  of  metal-to-glass  seals.  R.  A. 

Ammon  . Mar. 

Sonar,  echo  ranging.  R.  J.  Evans.. Aug. 
Sonar  for  submarines.  Lanier  &  Sawyer. 

Apr. 

Sonar  uses.  Doppler  effect . Oct. 

Sonobuoy  . Apr. 

Sound  effects  circuit,  electronic.  How¬ 
ard  Syzling  . Jan. 

Sound-pressure  measurement  standard 

Frank  Massa  . May 

Sound,  problem  in  outdoor.  Ellis  &  Gil¬ 
more  . Dec. 

Sound  systems,  high-power  military. 

Feb. 

Speaker  cabinet.  C.  A,  Volf . Mar. 

Spectrograph  exposure  control.  J.  R. 

Cosby  . Apr. 

Spectrum  chart  following  page  80.. June 
Speech  patterns  transmit  intelligence, 

visible  . Jan. 

Speedometer  for  aircraft,  radio-beam. 

Oct. 

Squelch  and  limiter  circuit  combined.. 

Dee. 

Station  techniques,  new . Nov. 

Stenotrone  . Nov. 

Storm  detector  for  spherics . Apr. 

Subminiature  tube,  circuits  for . May 

Superheterodyne,  oscillatorless.  R.  W. 
Woods  . Feb. 


- 


Superregenerative  detector  selectivity. 

Allan  Easton  . Mar.  *154 

Supersonic  flaw  detector . Dec.  *198 

Supersonic  flaw  detector.  R.  B.  De  Lano,* 

Jr.  . . Jan.  *132 

Supersonic  i'-spection  of  strip  materials. 

Mar.  *166 

Switch,  four-channel  electronic.  N.  A. 

Moerman  . Apr.  *150 

Switching,  instantaneous  program.  Jos¬ 
eph  Zelle  . Feb.  *142 


Tank  circuit  for  uhf,  composite.  P.  L. 

Bargellini  . Sept. 

Telemetering  system,  radiosonde.  Hauck, 

Cosby  &  Dember . May  ' 

Teieran  proposal.  P.  J.  Herbst  &  others. 

Feb. 

Television,  all-electronic  color . Dec.  ' 

Television,  industrial  standardization 

work  in.  D.  B.  Smith . Jan. 

Television,  color,  on  ultra  high  frequen¬ 
cies  . Apr. 

Television  console  . Mar. 

Television,  projection  . Nov. 

Television  stands,  where  color.  D.  G. 

Fink  . May 

Television  sweep,  current  oscillator  for. 

G.  C.  Sziklai . Sept. 

Temperature  and  humidity  recorder-con¬ 
troller.  Hauck,  Sturm  &  Colt. . .  .Sept. 

Tester,  materials  . Dec. 

Testing  heat  exchanger  tubing . Aug. 

Thermal  problems,  electrical  solution  of. 

F.  C.  Willey . Aug. 

Thyratron  circuits,  multiple.  Irving 

Sager . Dec. 

Thyratrons,  hydrogen.  Harold  Heins. 

July 

Thyratron  life  extension . Nov. 

Timer  for  inductive  load . Oct. 

Timer,  tube-seasoning  . Feb. 

Timing  up  to  thirty  seconds,  variable. 

D.  G.  Haines . July 

Tone  generator,  photoelectric.  h.  E. 

Greenlee  . Sept. 

Tracking  formulas,  superhet.  Joseph 

Marshall  . Oct. 

Tracking  permeability-tuned  circuits! 

A.  W.  Simon . .'...Sept. 

Traffic  control  with  Intercoms,  plant 

truck  . July 

Train  communication  system,  2,660-mc. 

E.  A.  Dahl . Jan. 

Train  position  indicator.  E.  A.  Dahl. 
_  Oct. 

Transceiver,  2.700-mc  . Sept. 

Transient  delay  line.  J.  M.  Lester.. Apr. 
Transmission,  2 -me  sky-wave.  J.  A. 

Pierce  . May 

Transmitter,  phasltron  frequency  modu¬ 
lation.  Bailey  &  Thomas . Oct. 

Tube  construction,  lathe  for . June 

Tube  for  frequency  modulation . Feb. 

Tube  design  . June 

Tubes,  gaseous  discharge,  and  applica¬ 
tions.  R.  C.  Hillard . Mar. 

Tuned  circuits,  frequency  stabilitv  of. 

Q.  V.  Eltgroth . '.Feb. 

Tuning  for  44  to  216  me,  continuous. 

May 


Ultra  high  frequency  field  meter  compo¬ 
nents.  Edward  Karplus . Nov.  *124 

Ultra  high  frequency  measurement.  .Nov.  *216 
Ultra  high  frequency  wave  propagation. 

200 

Ultrasonic  generator.  Smith  A  Stumpf. 

Apr.  *116 

Ultrasonic  trainer  circuits.  F.  L.  Lar- 

. June  *126 


Vacuum-leak  hunting,  audio  aid  for. 

Victor  Wouk  . Feb.  *138 

Vibration  exciter  for  structural  testing. 

P.  J.  Holme* . Dec.  *96 

Voltage  regulator,  electronic  a-c.  L.  D. 

Harris  . Jan.  *150 

Voltmeter,  high  resistance  d-c,  D.  L. 

Waidellcb  . Mar.  *158 

Voltmeter,  inverse  vacuum-tube.  S.  H. 

,  Hike  . Aug.  *140 

Voltmeters,  pulse  response  of  diode. 

Allan  Easton  . Jan.  *146 

Vulcanizing  on  commercial  basis,  elec¬ 
tronic  . Jan.  *164 


Wattmeter,  air-flow  ultra  high  frequency. 

Wllchinsky  A  Kyser . Oct.  *128 

Wattmeter,  microwave  . Nov.  *164 

Waveguides,  engineering  approach  to. 

Theodore  Moreno  . May  *99 

Waveguides,  feasibility  of  dielectric. 

Oct.  222 

Waveguides,  flexible.  Anderson  A  Wln- 

chell  . Aug.  *104 

Waveguides,  minimum  attenuation  In. 

E.  N,  Phillips . Jan.  *187 


Waveguide  transmission  systems.  Theo¬ 
dore  Moreno  . June  *136 

Weather  forecasting.  H.  B.  Brooks.. Oct.  *84 
Welding,  current-force  recording  in  re¬ 
sistance.  J.  M.  Popp . Aug.  *166 


X-ray  industrial  building . Nov.  *192 

X-rays,  production  control  with  2,000,- 

000  volt.  David  Goodman . Feb.  *147 

X-rays  seen  by  phototube . Nov.  *180 

X-rays,  source  of  high-lntenslty . . .  .Mar.  228 
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tion  . June 

Harries,  J.  H.  Owen.  Apertures  in  cavi¬ 
ties  . Dec. 

Harris,  L.  Dale.  Electric  a-c  voltage 

regulator  . Jan. 

Harris,  W.  A.  A  R.  F.  Dunn.  Recent 
developments  in  converter  tubes. 

.Tan. 

Harris,  W.  A.  A  J.  E.  Young.  Twelve- 

channel  f-m  converter . Dec. 

Hasler,  Arthur  D.  &  L  V.  Whitney, 
Photoelectric  fish  counter.  .Mar. 
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Hasaell,  F.  &  F.  Jenka.  Electroforming 
microwave  components  •  •  • 

Hauck.  V,  D.,  J.  R.  Cosby  &  A.  B.  Dem- 
ber.  Radiosonde  telemetering 

systems  . .  ‘  W  *  Vi  ’ 

Hauck,  V.  D.,  R.  E.  Sturm  &  R.  B.  Colt. 

Recorder-controller  for  tempera- 

ture  and  humidity . Sept.  9o 

Hayman.  W.  H.  Electronic  comparator  ^ 

Heins.  Harold.  ’  Hydrogen  thyratrons. 

July  •So 

Herbst.  P.  J.  &  Others.  The  Teleran 

proposal  . Feb.  *124 

Hill,  Donald  M.  &  M.  G.  Crosby.  Design 
of  frequency-modulation  signal 

generator  . Nov.  *96 

Hilliard,  John  A.  Intermodulation  test- 

Ing  . July  *123 

Hilliard,  R.  C.  Gaseous  discharge  tubes 

and  applications  . Mar.  122 

Hills,  E.  G.  VHF  antenna  for  trains. 

Nov.  *134 

Hobbs,  Marvin,  Japanese  magnetrons. 

May  *114 

Holdam,  J.  V..  S.  McGrath  &  A.  D.  Cole. 

Radar  for  blind  bombing,  pt.  1, 

May  *138;  pt.  2 . June  *142 

Holmes,  Lynn  C.  High  quality  sound  re- 

cording  on  magnetic  wire.. Jan.  236 
Holmes,  Paul  J.  Vibration  exciter  for 

structural  testing  . Dec.  9« 

How’ard,  William  A.  Portable  video  pick¬ 
up  equipment  . Aug.  *124 


I ANNONE,  FULVIO  &  Howard  Bailer. 

1  Gas-tube  coupling  for  d-c  ampli¬ 
fiers  . Oct.  *106 

Isaacs,  John.  Punch  press  protector. Dec.  *101 


T  ENKS,  F.  &  F.  HASSELL.  Eleetro- 
j  forming  microwave  components. 

Mar.  *134 

Jolter,  Norman  J.  Measurement  of  ocean 
waves  generated  by  atomic 

bombs  . May  *94 

Jones,  Loren  F.  &  others.  The  Teleran 

proposal  . Feb.  *124 

Jupe,  John  H.  Auxiliary  pilot  guides 

ships  . Aug.  154 

London  letter  . ‘.Oct.  150 

Rapid  moisture  testing  of  granular 

material  . May  *180 


Marks,  M.  Cascade  phase  shift  modu¬ 
lator  . Dec.  *104 

Marshall,  Charles  E.  Photoelectric  street 

lighting  control  . Sept.  *134 

Marshall,  Joseph.  Superhet  tracking 

formulas  . Oct.  *202 

Massa,  Frank.  Sound-pressure  measure¬ 
ment  standard  . May  *218 

Mater,  Norman  W.  Multivibrator  cir¬ 
cuits  . Oct.  *136 

McCombs,  Rollin  &  F.  C.  Walz.  Rectan¬ 
gular-pulse  generator  . Mar.  *222 

McGrath.  S.,  J.  V.  Holdam  &  A.  D.  Cole. 

Radar  for  blind  bombing,  pt.  1, 

May  *138;  pt.  2 . June  *142 

McManus,  Lindsay.  Two-station  antenna 

system  . Nov.  *154 

Mellen,  Glenn  L.  Radium-type  vacuum 

gage  . Apr.  *142 

Mentzer,  J.  R.  Multi-voltage  regulated 

power  supplies  . Sept.  *132 

Miller,  G.  K.,  M.  Lebourg  &  H.  G.  Doll. 

Vehicular-mounted  mine  detec¬ 
tor  . Jan.  *105 

Mittelmann,  Eugene  &  G.  P.  Bosom- 
worth.  Electronic  rubber  pre¬ 
heater  . Mar.  *128 

Moerman,  N.  A.  Four-channel  electronic 

switch  . Apr.  *150 

Mofenson,  Jack.  Radar  echoes  from  the 

moon  . Apr.  *92 

Montanl,  Angelo.  Infrasonic  switching. 

Mar.  *214 

Moore,  David  Wm.,  Jr.  Continuously 
variable  radio  remote  control. 

Nov.  *110 

Fuel  consumption  Indicator. ..  .Mar.  *152 
Moreno,  Theodore.  Engineering  approach 

to  wave  guides . May  *99 

Waveguide  transmission  systems. 

June  *136 

Morgan.  J.  M.  Machine-tool  contour 

controller  . Oct.  *92 

Moritz,  Clement.  Transient  video  an- 

alyzer  . June  *130 

Morton.  G.  A.  &  L.  E.  Flory.  Infrared 

image  tube  . Sept.  *112 

Myers,  Peter  B.  Frequency  stabilization 

at  450  me  . Apr.  214 

NEWLON,  ARTHUR  E.  Pulse  trans¬ 
mission  In  amplifiers . Oct.  *116 

Norton,  R.  1.^  Crystal-controlled  dia¬ 
thermy  . Oct.  *118 


TZALLMANN,  Heinz  B.  Nonlinear  clr- 
Fx  cult  element  applications. .  .Aug.  *130 

Kalmus,  Henry.  Improved  modulated- 

oscillator  pickup  . July  *182 

Kalmus.  Henry  P.  Pickup  with  low  me- 

chanical  Impedance  . Jan.  *140 

Karplus,  Edward.  Components  of  ultra 

high  frequency  field  meter.. Nov.  *124 
Kaufman,  Alvin  B.  &  E.  N.  Kaufman. 

Carbon  phonograph  pickup. Sept.  *162 
Kaufman.  Edwin  N.  &  A.  B.  Kaufman. 

Carbon  phonograph  pickup. Sept.  *162 
Kelleher,  John  J.  Pulse-modulated  radio 

relay  equipment  . May  *124 

Khouri,  A.  S.  &  Cledo  Brunettl.  Printed 

electronic  circuits  . Apr.  *104 

Kllpsch,  Paul  W.  Design  of  compact 

two-horn  loudspeaker  . Feb.  *156 

Knowles,  Hugh  S.  War  influence  on 

acoustic  trends  . Jan.  *246 

Koch,  Winfield  R.  Midget  receiver  out¬ 
put  circuit  . June  *232 

Kramer,  B.  &  Fred  Stolte.  Measurement 
of  velocity  of  propagation  in 

cable  . July  *128 

Krauer,  O.,  P.  T.  Hadley  and  A.  W. 

Forsberg.  Exciter-regulator  for 

aircraft  alternators  . July  *120 

Kulansky,  J.  K.  Selective  calling  sys¬ 
tem  . June  *96 

Kyser,  Russell  H.  &  Z.  W.  Wllchlnsky. 

Air-flow  ultra  high  frequency 
wattmeter . Oct.  *128 

T  \FFERTY,  RAYMOND  E.  Phase- 

L  shifter  nomograph  . May  *168 

Laing,  K.  M.  Sensitive  photoelectric 

control  . Oct.  *174 

Langberg,  Eugene  L.  Analysis  of  linear 

sweep  generator  . Nov.  *194 

Lanier.  R.  S.  &  C.  R.  Sawyer.  Sonar  for 

submarines  . Apr.  *99 

Larsen,  Finn  J.  Ultrasonic  trainer  ,  cir¬ 
cuits  . June  *126 

Lebourg,  M.,  H.  G.  Doll  &  G.  K.  Miller. 

Vehicular-mounted  mine  detec¬ 
tor  . Jan.  *106 

Lee,  J.  M.  Thermoelectric  generator  for 

portable  equipment  . May  *196 

Twelve-tube  f-m  handie-talkie.  .Mar.  *194 
Lester,  John  M.  Transient  delay  line. 

Apr.  *147 

Lippincott,  Col.  Donald  K.  Patent 

puzzle  . May  92 

Lubkln,  Samuel.  Bimodal  oscillator. 

Feb.  *242 


MACGEORGE.  W.  D.  Electronic  con¬ 
tactors  for  control  applications. 

Apr.  *186 

Macllvain,  K.  M.  Recording  CAA  traffic 

control  Instructions  . May  *116 

Mann,  E.  R.,  P.  E.  Cavanagh  &  R.  T. 

Cavanagh.  Magnetic  testing  of 

metals  . Aug.  *114 

Marchetti,  MaJ.  John  W.  &  Lt.  Col.  H.  A. 

Zahl.  Radar  on  50  centimeters. 

Jan.  *98  . Feb.  *98 


jSNOS,  MENDEL.  Reduced  harmonic 

voltage  across  rectifiers. ..  .Feb.  *248 
Owen,  Robert  P.  Linear  sweep  circuits 

Dec.  *136 


PAINE.  ROBERT  C.  Impedance-admit¬ 
tance  conversion  chart . Jan.  *162 

Paul,  I.  &  T.  J.  Wang.  Betatron  pulsing 

system  . Jan.  *156 

Phillips,  Edwin  N.  Minimum  attenuation 

In  waveguides  . Jan.  *137 

Pierce,  J.  A.  2-mc  sky-wave  transmis¬ 
sion  . May  *146 

Popp,  J.  M.  Current-force  recording  in 

resistance  welding  . Aug.  *166 

Porta,  William  L.  Capacitor  discharge 

magnetlzer  for  plant  shops. June  *168 

RAMBO,  S.  IVAN.  Automatic  fre¬ 
quency  control  for  r-f  heating. 

Apr.  *120 

Rankin,  J.  C.  High-level  detector.  .May  *212 
Rappaport,  George  &  Capt.  8.  L.  Acker¬ 
man.  Radio  control  systems  for 

guided  missiles  . Dec.  *86 

Redemake,  R.  F.  Electronic  shutter- 

testers  . Feb.  *128 

Reisman.  S.  J.  &  others.  The  MPG-1 

radar . Jan.  *100;  Mar.  *140 

Rich,  Stanley  R.  Torsional  magnetostric¬ 
tion  pickup  . June  *107 

Roberts,  Walter  Orr.  Photoelectric  sight 

for  solar  telescope . June  *100 

Roberts,  Walter  van  B,  Rotary  wave 

radar  . July  *130 

Robins,  J.  &  L.  E.  Varden.  Photoelectric 

controls  for  color  printing.  .June  *110 
Rogers,  Gordon  F.  Isolation  amplifiers 

for  aircraft  . Aug.  *122 

Rohats,  N.  High  speed  oscillograph. 

„  Apr.  *185 

Rothstein,  Jerome.  Electronic  micro¬ 
phone  . Mar.  *230 

Rudd,  W.  C.  Duplex  operation  of  induc¬ 
tion  heaters  . Nov.  *93 

Rueger,  L.  J.  &  others.  MPG-1  radar. 

Mar.  *140 

The  MPO-1  radar . Jan.  *110 


SACK,  SAMUEL  L.  Design  of  f-m 

transmitter  for  88-108  me.. Mar.  *184 
Sagar,  Irving.  Multiple  thyratron  cir¬ 
cuits  . Dec.  *158 

Salisbury,  Winfield  W.  The  resnatron. 

„  ^  Feb.  *92 

Schulman.  Daniel.  Facsimile  synchroniz¬ 
ing  methods  . Mar.  *131 

Scott,  H.  H.  Dynamic  suppression  of 

phonograph  record  noise ....  Dec.  *98 
Selvldge,  Harner.  Proximity  fuze  for  ar- 

„  tlllery  . Feb.  *104 

Shannon,  William.  Electronic  computers. 

_  Aug.  *110 

Shaper,  H.  B.  Electrodynamic  direct- 

inking  pen  . Mar.  *148 

Shaw,  G.  B.  Echo  depth  sounder  for 

shallow  water  . Sept.  *88 

Shive,  Scott  L.  Effectiveness  of  conduit 

as  r-f  shielding . Feb.  *160 

*  Illustrated 


Silverman,  M.  Streamlining  c-r  tube 


production  . July  *164 

Tube-seasoning  timer  . Feb.  *146 

Simon,  A.  W.  Measuring  mutual  induc¬ 
tance  and  capacitors . Aug.  *142 


Tracking  permeability-tuned  circuits. 

Sept.  *138 

W’ire  length  of  universal  coils.. Mar.  *162 
Smith,  David  B.  Industrial  standardiza¬ 
tion  work  in  television . Jan.  244 

Smith,  J.  Ernest.  Theoretical  slgnal-to- 

noise  ratios  . June  *160 

Smith,  Frederick  W.,  Jr.  &  P.  K.  Stumpf. 

Ultrasonic  generator  . Apr.  *116 

Spitzer,  E.  E.  Grounded-grid  power  am¬ 
plifiers  . Apr.  *138 

Straus,  H.  A.  &  others.  The  MPG-1  ra- 

radar . Jan.  *110;  Mar.  *140 

Stephens.  W.  E.  Crystal  rectifiers.  .July  *112 
Stolte,  Fred  &  B.  Kramer.  Measure¬ 
ment  of  velocity  of  propagation 

in  cable  . July  *128 

Stumpf,  Paul  K.  &  F.  W.  Smith,  Jr. 

Ultrasonic  generator  . Apr.  *116 

Sturm,  R.  E.,  V.  D.  Hauck  &  R.  B.  Colt. 

Recorder-controller  for  tempera¬ 
ture  and  humidity . Sept.  *96 

Sulzer,  P.  G.  Ionosphere  measuring 

equipment  . July  *137 

Sutro,  Peter  J.  Characteristic  Impedance 

of  balanced  lines . July  *160 

Swan,  Arthur  G.  Radiation  from  r-f 

heating  generators  . May  *162 

Sweet,  Monroe  H.  Logarithmic  photo¬ 
meter  . Nbv.  *106 

Syzling,  Howard.  Electronic  sound  ef¬ 
fects  circuit . Jan.  *214 

Sziklai,  George  C.  Current  oscillator  for 

television  sweep  . Sept.  *128 


'T' AYLOR,  A.  H.  New  uses  for  penta- 

1  grids  . Dec.  *142 

Speeding  up  the  return  trace... Nov.  *176 
Taylor,  J.  H.  &  others.  The  .MPG-1 

radar  . Jan.  *110.  Mar.  *140 

Thomas.  Harold  A.  Electrometer  Input 

circuits  . Dec.  *130 

Thomas.  H.  P.  &  F.  M.  Bailey.  Phasi- 
tron  frequency  modulation  trans¬ 
mitter  . Oct.  *108 

Thompson,  Robert  T.  Two-frequency  in¬ 
termediate-frequency  transform¬ 
ers  . Sept.  *142 

Tooley,  L.  B.  Gate  circuit  for  chrono¬ 
graphs  . May  *144 

Toth,  Emerick.  Noise  and  output  lim¬ 
iters.  pt.  1,  Nov.  *114;  pt.  2. Dec.  *120 
Travis,  Earle.  Cathode-coupled  isolat¬ 
ing  amplifier  . .Tan.  *202 

Direct-coupled  r-f  amplifier . Dec.  *168 

Tremaine.  H.  M.  Maintenance  testing  of 

dynamotors  . June  *168 

Trotter,  Herbert,  Jr.  Radio  proximity 

fuze  . Jan.  226 


\/AN  JEPMOND,  HOW’ARD  A.  Tele- 

*  phone  amplifier  . Mar.  *139 

Varden,  L.  E.  &  3.  Robins.  Photoelectric 

controls  for  color  printing.  .June  *110 
Vladimir,  L.  O.  Low  impedance  loop 
antenna  for  broadcast  receivers. 

Sept.  *100 

Volf.  Christian  A.  Massive  speaker  cab¬ 
inet  . Mar,  *206 


W/AIDELICH,  D.  L.  High-resistance 

”  d-c  voltmeter  . Mar.  *168 

Walz,  Prank  C.  &  R.  K.  McCombs. 
Rectangular-pulse  generator. 

Mar.  *222 

Wang,  T.  J.  &  I.  Paul.  Betatron  puls¬ 
ing  system  . Jan.  *166 

Weiss,  Walter  I.  Nerve  stimulator.  .Feb.  *166 
Weisz,  Paul  B.  Electronic  fire  and  flame 

detector  . .July  *106 

Wert.  C.  A.  &  others.  The  MPG-1  radar. 

Jan.  *110:  Mar.  *140 
Wheeler.  G.  J.  A  O.  T.  Fundingsland. 

Constant  current  circuits ...  Nov.  *180 
Wheeler,  Gershon  J.  Impedance  nomo¬ 
graph  . Sept.  *186 

Whitney,  Lester  V.  A  A.  D.  Hasler  Pho¬ 
toelectric  fish  counter . Mar.  *178 

W’llchinsky,  Zigmond  W.  A  R.  H.  Kyser. 

Air-flow  ultra  high  frequency 

watt-meter  . Oct.  *128 

Willey,  Frank  Q.  Electrical  solution  of 

thermal  problems . Aug.  *190 

Wlnchell.  Alfred  M.  A  A.  R.  Anderson. 

Flexible  waveguides . Aug.  *104 

Winlund.  E.  S.  Electronic  heating  in  the 

furniture  industry  . May  *108 

Wolff,  Irving  A  others.  The  Teleran  pro¬ 
posal  . Feb.  *124 

Woods,  Robert  W.  Oscillatorless  super¬ 
heterodyne  . Feb.  *224 

Wouk,  Victor.  Audio  aid  for  vacuum- 

leak  hunting  . Feb.  *138 

Yard,  EDW’ARD  M.  Flame  radiation 

measuring  vnstrument  . Nov.  *96 

Young.  J.  E.  A  W.  A.  Harria  Twelve- 

channel  f-m  converter . Dec.  *110 

Yu,  I.  P.  Cathode  follower  coupling  in 

d-c  amplifiers  . Aug.  *99 


ZAHL.  LT.  COL.  HAROLD  A.  &  MaJ. 

J.  W’.  Marchetti.  Radar  on  50 

centimeters,  Jan.  *98 . Feb.  *98 

Zelle,  Joseph.  Instantaneous  program 

switching  . Feb.  *142 

Zworykin.  V.  K.  &  L.  E.  Flory.  Reading 

aid  for  the  blind . Aug.  *84 
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Station  wire  insulated  with  GEON 
makes  hit  with  ’phone  men 


Some  advantages  apply  to  all  types  of 
manufacturing  and  construction 

ERE  are  a  few  of  the  advantages  of  telephone 
station  wire  insulated  with  GEON;  it  strips 
fast,  clean,  easily;  it’s  smooth,  not  sticky,  easy  to  han¬ 
dle;  the  colors  are  clean  and  bright. 

Then  add  the  fact  that  the  excellent  electrical 
properties  of  insulation  made  from  GEON  permit 
a  thinner  coating.  That  means  lighter 
weight,  more  conductors  per  conduit, 
or  smaller  holes  to  be  drilled  during 
construction. 


In  addition,  insulation  made  from  GEON  is  self¬ 
extinguishing— won’t  support  flame.  It  resists  most 
normally  destructive  agents  such  as  ozone,  oils, 
acids,  air,  aging,  abrasion,  water,  and  many  others. 

GEON’s  applications  range  from  spaghetti  for 
radio  hookup  wire  to  heavy  insulation  for  buried 
service  entrance  cable.  That’s  why  we  urge  you  to 
specify  wire  insulated  with  GEON  the  next  time 
you  order  from  your  supplier.  For  information 
about  special  applications  please  write 
Dept.  F-12,  B.  F.  Goodrich  Chemical 
Company,  Rose  Bld|^„  Cleveland  15, 
Ohio.  In  Canada:  Kitchener,  Qntario. 


Geon 


B*  F.  Goodrich  Chemical  Co 


\  \ 


pany 


A  DIVISION  Of 

THE  B  F.  GOODRICH  COMPANY 
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DAVEN  ATTENUATORS  with  Built-in  cueing  controls 


•  • 


are  now  available 

DAVEN  attenuators  may  now  be  obtained  with  a  cueing  control.  Auxiliary  switching 
mechanisms  are  no  longer  required  to  cue  recordings,  transcriptions  and  remote  or 
network  programs. 

The  control  itself  will  serve  to  transfer  the  program  material  to  a  separate  cueing 
amplifier.  Provision  is  made  at  the  extreme  attenuation  position  for  connecting  the 
incoming  signal  to  a  cue  circuit  before  "fading  in"  the  signal.  As  a  result,  a  program 
can  be  smoothly  "brought  in"  at  the  right  time  without  the  operation  of  any  additional 
switches.  A  lug  on  the  terminal  board  is  provided  for  connection  to  the  cueing  system. 

The  cueing  feature  may  be  supplied  on  any  type  of  Daven  attenuator.  However,  it  is 
primarily  recommended  on  those  controls  used  for  mixing,  which  are  provided  with  a 
taper  to  infinity.  For  further  details  write  to  our  Sales  Department. 


THE 


DAVEJV 


CO. 


APPLICATIONS 

Broadcast  Stations 

Recording  Studios  for 
Playback 

Wired  Music  Services 
Sound  Film  Industry 

Dubbing  A  Re-recording 
for  Sound  Effects 


191  CENTRAL  AVENUE 


RCA 


PREFERRED  TYPfe 
POWER  TUBES  f 


r.«»  '*•“ 


4^ 


Maximum  Input  Power  (Watts)  CCS  Unmodulated  Class  C  Ratings  at: 

1.6  Me.  I  7.5  Me.  I  15  Me.  |  25  Me.  1 50  Me.  |75  Me.  IllO  Me.|l50  Me.boO  Me.  1250  Me.boO  Me.koO  Me. 


807 


2E24t 


832-A* 


2E26 


802 


Triode 


Pedtode 


Triode 


Triode 


Triode 


Beam  Power 


Triode 


Beam  Power 


Beam  Power 


Beam  Power 


Beam  Power 


Beam  Power 


Pentode 


150000 


100000 


40000 


40000 


30000 


18000 


16000 


16000 


10000 


5000 


1800 


1500 


500 


500 


360 


240 


200 


155 


155 


125 


120 


75 


1 50000 


91000 


40000 


40000 


22500 


13500 


16000 


16000 


10000 


5000 


1800 


1500 


500 


500 


360 


240 


200 


155 


155 


125 


120 


75 


1 50000 


80000 


40000 


40000 


17000 


10500 


16000 


16000 


10000 


5000 


1800 


1500 


500 


500 


360 


240 


200 


155 


155 


125 


120 


75 


105000 


70000 


40000 


40000 


*Twin  type — input  values  per  tube  for  push-pull  operation. 

fRecommended  only  for  highly  intermittent  applications.  Input  values  ore  ICAS  ratings. 


The  accompanying  table  of  ratings 
vs.  operating  frequency  provides  the 
design  engineer  with  a  simple  and 
rapid  means  of  choosing  the  most 
suitable  RCA  tubes  to  meet  the 
power  and  frequency  requirements 
of  equipment  in  the  design  stages. 

Technical  Literature 

Detailed  data  on  all  the  types  listed 


are  provided  in  the  RCA  HB-3 
TUBE  HANDBOOK.  Technical 
bulletins  covering  tube  types  in 
which  you  are  interested  will  be 
sent  on  request. 

Application  Engineering  Service 

RCA  tube  application  engineers 
will  be  pleased  to  cooperate  with 
you  in  adapting  these  or  any  other 


RCA  tube  types  to  your  equipment 
designs.  Just  write  RCA,  Commer¬ 
cial  Engineering,  Section  D-6L, 
Harrison,  N.  J. 


RCA  Laboratorw,  Prinemton,  N.  J. 

THE  FOUNTAINHEAD  OF 

MODERN  TUBE  DEVELOPMENT  IS  RCA 


rVB£  DEPARTMBMT 


RADIO  CORPORATION  of  AMERICA 


HARRISOR,  M.  J, 
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